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DIETARY PROTEIN AND ANTIMICROBIC DEFENSE 


In an article dealing with protein and 
antibody production which appeared in this 
journal (Nutrition Reviews 6, 234 (1948)), 
it was concluded that ‘‘on the basis of ac- 
cumulating experience and careful assess- 
ment of currently available data, it would 
seem that dietary protein represents a minor 
contribution rather than a major determi- 
nant conditioning response to infectious 
agents.”’ Such a broad generalization de- 
mands further comment, particularly since it 
is at such variance with other conclusions 
based on contrary evidence. Much of the 
latter evidence has been reviewed from time 
to time (see Ibid. 1, 186 (1943); 2, 197 
(1944); 3, 78 (1945); 4, 279 (1946); 5, 106 
(1947)) and will not be discussed here. 
This evidence must speak for itself, but if its 
validity is to be challenged, it must be by 
additional evidence rather than by assertion. 
It should be pointed out, also, that observa- 
tions in man have already substantiated 
some of the experiments in lower animals (E. 
G. Krebs, J. Lab. Clin. Med. 31, 85 (1946); 
M. G. Wohl, J. G. Reinhold, and 8. B.Rose, 
Arch. Int. Med. 83, 402 (1949); Wohl, 8. O. 
Waife, S. Green, and G. B. Clough, Proc. 
Soc. Exp. Biol. Med. 70, 305 (1949)). 

This communication is presented in an 
effort to clarify the subject. Clarification 
is obviously needed, because if generous 
dietary protein is as unimportant in in- 
fection as some have suggested, it is logi- 
cal to conclude that it must be of little 
value either in the prevention or treatment 
of infectious processes. ‘Thus the generous 
use of dietary protein in the treatment of 
such diseases as tuberculosis, typhoid fever, 
chronic malaria, cirrhosis of the liver, 
nephritis, and nephrosis would seem to be 
illogical in its relation to any infectious 
agents which may participate in these proc- 
esses; and the modern treatment of ty- 
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phoid fever, designed to bring the patients 
into nitrogen equilibrium, would also be 
unnecessary, at least with respect to the 
typhoid bacilli themselves. 

Before accepting the conclusion that diet- 
ary protein represents a minor contribution 
in response to infectious disease, one should 
first ascertain the answers to such questions 
as: What is the accumulating evidence? 
How and by whom are the currently avail- 
able data assessed? If dietary protein repre- 
sents a minor contribution, is there also a 
major contribution; and if so, what is it? 
Are there conditions in which dietary protein 
might represent a major contribution, as in 
tuberculosis, or is it always a minor immuno- 
logic factor? Is it of equal importance in re- 
lation to an infected abrasion in a well-fed ath- 
lete and to an intercurrent infection in a dving 
victim of an Indian famine? Are the proc- 
esses of acquired immunity, including the 
antibody mechanism, only minor elements of 
antimicrobic defense; and if at times they 
function as major factors, does dietary pro- 
tein still bear a minor relation to them? 
May some other factor represent a major 
contribution; and if so, what is it, calories, 
vitamins, genes, or some previously undis- 
closed factor? Only after these and other 
questions have been satisfactorily answered 
should one accept the sweeping generaliza- 
tion as to the minor importance of a generous 
intake of dietary protein. 

Before considering these questions further, 
let us restate briefly the hypothesis under- 
lying the supposedly beneficial role of 
dietary protein in resistance. In brief it 
is that dietary protein is important when- 
ever severe protein deficiency has depleted 
the tissue protein stores and thereby im- 
paired the body’s capacity to activate the 
mechanisms of both natural and acquired 
resistance. In the human being this im- 
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pairment becomes critical only as a result of 
a severe and prolonged depletion, usually in 
a range of total protein concentration below 
5 g. per 100 ml. of plasma. Such degrees 
of hypoproteinemia, not infrequent even in 
the range of 4 or 3 g. per 100 ml. of plasma, 
are not uncommon in patients with cancers 
of the gastrointestinal tract or liver, and in 
leukemia, nephrosis, and cirrhosis of the 
liver. Moreover, with such grades of de- 
pletion the rates of turnover of protein con- 
stituents may also be considerably lessened. 
The original hypothesis stemmed from the 
studies of Whipple and his associates who 
demonstrated the importance of the protein 
stores as “bulwarks against infection”’; 
these studies, too, have been ‘carefully 
assessed” and cannot be characterized as 
vague and idle theories. However, the body 
retains its capacity to maintain its protein 
stores with a remarkable tenacity; and the 
production of a severe depletion requires 
time, as well as some conditioning factor 
usually associated with a disease process. 

One may ask, therefore, what is the “‘care- 
fully assessed’”’ evidence deemed unfavorable 
to the above hypothesis? Since specific 
reference was made to a paper by M. M. 
Bieler, E. E. Ecker, and T. D. Spies (J. 
Lab. Clin. Med. 32, 130 (1947)), and to the 
work of H. A. Schneider (Vitamins and 
Hormones 4, 35 (1946)), let us see what re- 
lation their data may have to the above 
hypothesis. In the paper by Bieler, Ecker, 
and Spies, concentrations of natural anti- 
body actions (opsonic indices and antisheep 
hemagglutinins) were determined in the 
serums of 8 patients with moderate degrees 
of hypoproteinemia and anemia. When 
one examines the concentrations of gamma- 
globulin in these serums, however, they 
are found to be close to normal values. 
The fallacy in such findings, however, is 
that concentration in the serum at any given 
instant cannot reveal the capacity of such 
patients to form antibodies under condi- 
tions of severe stress, as in the course of 
infection or antigenic stimulation. What 


REVIEWS [June 
one needs to know is what would happen to 
these patients should they contract tuber- 
culosis or typhoid fever? Thus a single 
measurement of concentration tells nothing 
about the rate of antibody protein synthesis, 
or whether the rate of synthesis might be 
impaired under conditions of progressive 
protein depletion. For these reasons, there- 
fore, the data from the above paper cannot 
be compared with data in which antibody 
output, and reactions to infection, are de- 
termined over a period of time under con- 
ditions of stress. Moreover, during a 
progressing infection, specific antibodies are 
continuously combining with a multiply- 
ing antigen, and, in consequence, antibody 
protein is being removed steadily from the 
circulation. Here, too, the rate of anti- 
body formation becomes of even greater 
importance; and the capacity to fabricate 
antibodies at an effective rate must be sus- 
tained. But if the source of material from 
which antibodies are derived becomes more 
and more diminished, the process of re- 
supplying antibodies continuously to the 
blood becomes increasingly difficult. Thus 
the degree of hypoproteinemia indicates the 
over-all state of protein depletion, in con- 
formity with the concept of the dynamic 
equilibrium; and the more severe the degree 
of hypoproteinemia, the more difficult it 
becomes, presumably, for antibodies to be 
formed steadily from depleted tissues. It 
should be emphasized, also, that depletion 
of the protein stores includes both the so- 
called structural and functional protein, 
including enzyme systems, vitamin-protein 
complexes, and so forth. 

Confusion has arisen, also, from acceptance 
of some of Schneider’s ideas concerning the 
influence of genetic factors upon resistance. 
Although at no time, presumably, has he 
utilized protein-depleted animals, it is im- 
portant, nevertheless, to evaluate his experi- 
ments, which were designed to study 
“natural resistance” in mice subjected to 
different types of diets and infected intra- 
gastrically with Salmonella enteritidis. It 
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should be pointed out, however, that he has 
not actually studied natural resistance at all, 
for the reason that fatality rates in his mice 
were all compared thirty days after infec- 
tion, when the processes of natural and ac- 
quired resistance had been simultaneously 
operating for at least twenty-nine days. 
Difficulty arises from Schneider’s concept of 
natural resistance as a “specific biological 
attribute of a host ...a consequence of a 
specific constitution of the host that exhibits 
it. This kind of resistance is independent 
of any previous experience the host may have 
had with an infectious agent and is revealed 
the first time the host is exposed to a given 
infection ...(It is a) resistance in which 
immunologic reactions apparently play no 
part.” 

Such a definition ignores the basic fact that 
the capacity to produce antibodies is also a 
biologic attribute possessed by all mammals, 
regardless of variations in their genetic con- 
stitutions. Acceptance of Schneider’s defi- 
nition necessarily restricts the scope of 
natural resistance to a relatively short period 
after infection. Presumably no one would 
question the probability that variations in 
types of genetic constitutions may influence 
the synthesis of specific antibodies; but if one 
adopts his definition, natural resistance must 
be evaluated only in the earliest phases of 
infection, before the invading bacteria have 
entered the tissues and activated the mech- 
anisms of acquired resistance. To do so, 
however, one would have to measure com- 
parative death rates at the end of twenty- 
four to forty-eight hours, i.e., at the time 
when natural resistance was minimally sup- 
plemented or complemented by the forces of 
acquired resistance. From the immunologic 
point of view, therefore, it is incorrect to con- 
sider these experiments as studies of natural 
resistance. They are of nutritional interest, 
however, because they indicate that ingestion 
of whole wheat and milk tended to augment 
resistance of mice to S. enteritidis infection. 
If this elevation of resistance is to be at- 
tributed to an unknown dietary factor, a 
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vitamin, for example, the latter is peculiarly 
powerless to protect mice against another 
type of infectious agent. Forexample,G. H. 
Hitchings and E. A. Faleo (Proc. Soc. Exp. 
Biol. Med. 61, 54 (1946)) found a markedly 
decreased resistance to pneumococcic infec- 
tion in mice fed a diet containing whole 
wheat bread. They attributed this to a fac- 
tor in the whole wheat which accelerated the 
growth of pneumococci in the tissues. Thus 
two observers, using the same species of ani- 
mal and whole wheat as a prominent feature 
of the diet, arrived at diametrically opposite 
conclusions with respect to the effects of the 
dietary factor or factors upon resistance. M. 
Dworetzky (J. Immunol. 61, 17 (7949)), in 
repeating in our laboratory the experiments 
of Hitchings and Falco, found too, that a 
substance in whole wheat bread rendered 
mice slightly more susceptible to infection 
with a highly virulent strain of pneumococ- 
cus. However, a single immunization with 
a vaccine made from this culture, by activat- 
ing the mechanisms of acquired immunity, 
eliminated or obscured any demonstrable 
effect of the whole wheat factor, thus evi- 
dencing the predominance of the 
munologic over the dietary factor. 

In connection with these efforts to dem- 
onstrate the importance of natural resistance 
it might be well to recall some of the latter’s 
limitations at a time when the principles of 
acquired immunity were stillunknown. For 
example, of the millions of people pock- 
marked or killed by the epidemics of small- 
pox which have raged so freely at various 
times, some surely must have had genetic 
constitutions which might have nullified the 
adverse effects of the virus. And granted 
that there were such individuals, does any 
informed person seriously question that the 
one big event in literally “changing the face 
of the world” was the discovery of vacci- 
nation by Edward Jenner? Again, when 
Pasteur performed his famous anthrax ex- 
periments at the farm Pouilly le Fort in 1882, 
the cows and sheep subjected to the experi- 
ment were of varying genetic constitutions 
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and also had tissues full of essential nutrients, 
including vitamins. And yet the one thing 
which prevented their deaths after inocula- 
tion with virulent anthrax bacilli was the 
mechanism of acquired immunity which had 
been activated by previous immunization. 
One needs only to survey the effects of active 
immunization in relation to smallpox, diph- 
theria, tetanus, yellow fever, typhoid fever, 
and hog cholera to realize that the antibody 
mechanism needs no defense in terms of its 
paramount importance to the health of man. 
And least of all can it be dismissed as merely 
an inconsequential product of laboratory 
artifice. 

Mention should be made also of the experi- 
ments of J. Metcoff, D. B. Darling, M. H. 
Scanlon, and F. J. Stare (J. Lab. Clin. Med. 
33, 47 (1948)), since they were intended to 
represent a study of the relation of dietary 
protein to resistance. Unfortunately, infec- 
tion was initiated only six days after the rats 
had been placed on a low protein diet. In 
consequence there was no possibility of any 
material diminution of their protein stores 
at the time of first contact with the infec- 
tious agents. Moreover, at the end of 
twenty-eight days, when the rats showed only 
a mild degree of hypoproteinemia, an 
attempt was made to elicit an anamnestic 
reaction by injection of O antigen. Here, 
too, the mode of injection was unfortunate 
in that the antigen was injected subcuta- 
neously, with all the attendant uncertainties 
of absorption; and blood was not drawn for 
measurement of the reaction until the four- 
teenth day. Inasmuch as the essential fea- 
ture of this reaction is its accelerated tempo 
of appearance, and since the normal anti- 
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body curve in the rat comes to its peak at 
the fifth to sixth day, it is obvious that at 
such a late date one could only hope to catch 
the end of the antibody curve in its most 
noninformative portion. In short, to evalu- 
ate the consequences of protein deficiency 
one must produce actual tissue protein de- 
pletion, and the technical procedures must 
be performed in accordance with established 
immunologic and serologic principles. E. P. 
Benditt et al. (Proc. Soc. Exp. Biol. Med. 70, 
240 (1949)) have presented evidence that the 
loss of the capacity to fabricate two types of 
specific antibodies is directly correlated with 
the length of time the animals had been 
undergoing tissue protein depletion. 

In summary, it would appear that on the 
basis of experience and careful assessment of 
currently available data, accumulating evi- 
dence indicates that dietary protein consti- 
tutes a major immunologic contribution to 
antimicrobic defense whenever there is severe 
tissue protein deficiency and a concomitant 
impairment of the mechanisms of immunity. 
However, if dietary protein is to be effec- 
tively utilized, it should be accompanied by 
an adequate intake of other dietary 
essentials, including calories, vitamins, and 
salts. Finally, until it is shown that the 
antimicrobic defenses can operate effectively 
in the absence of an adequate intake of die- 
tary protein, it would seem to be the part 
of wisdom to furnish a liberal supply of die- 
tary protein in the treatment of all serious 
infectious processes. 

Pau R. CANNON 
Department of Pathology 
University of Chicago 


VITAMIN By 


The relatively new vitamin By (Nutrition 
Reviews 6, 245, 291 (1948)) despite its high 
activity as an antipernicious anemia prin- 
ciple, does not entirely resolve the complex 
picture of the active hematopoietic agents. 


So far as is known, vitamin By. upon paren- 
teral administration acts like the classic 
antipernicious anemia factor of liver, yet 
certain recent reports demand consideration 
if it is assumed that this factor is primary. 
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Thus F. H. Bethell, M. C. Meyers, and 
R. B. Neligh (J. Lab. Clin. Med. 33, 1477 
(1948)) found that there was a large daily 
fecal excretion of vitamin By in 4 cases of 
pernicious anemia. This could be inter- 
preted that vitamin By was not the primary 
deficiency in pernicious anemia, or that 
vitamin By was not adequately absorbed or 
converted to a more primary factor in the 
digestive processes. 

The relation of vitamin By to the ‘‘ex- 
trinsic factor’’ of Castle has been studied by 
L. Berk et al. (New Engl. J. Med. 239, 911 
(1948); Nutrition Reviews 7, 146 (1949)). 
In 4 cases of pernicious anemia, oral ad- 
ministration of vitamin By» during a week 
test period gave a satisfactory reticulocyte 
response in only one case; a negative or 
only small response was found in the other 3 
cases. During a subsequent test period in 
which gastric juice (intrinsic factor) was 
administered simultaneously with vitamin 
By, a marked reticulocyte response was 
observed in each case. The difference be- 
tween parenterally and orally administered 
vitamin By in pernicious anemia is thus 
evident, but with the inclusion of normal 
gastric juice during oral therapy, vitamin 
By is effective. These investigators cite 
other observations that the 70 per cent 
alcohol-soluble extract of beef muscle, which 
has been a recognized source of the extrinsic 
factor, is active as vitamin By microbio- 
logically and has hematopoietic activity 
when injected. The simplest conclusion is 
drawn, namely that the action of the in- 
trinsic factor is to facilitate absorption of the 
dietary vitamin By (extrinsic factor) rather 
than actually to react with the extrinsic 
factor as previously assumed. 

The possibility of a direct conversion of 
dietary factors to hematopoietic substances 
cannot be excluded however by the above 
report, and must indeed be considered in the 
light of the publications of E. R. Norris 
and J. J. Majnarich (Science 109, 32, 33 
(1949)) on a new factor designated as 
vitamin By. This factor was isolated as 
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crystals from normal human urine in the 
amount of 33 mg. per 100 liters. The sub- 
stance contained nearly 20 per cent nitrogen 
and 4 per cent phosphorus, but no cobalt. 
In the bone marrow culture technic pre- 
viously developed, the new factor was found 
extremely active in stimulating cell prolifera- 
tion. It was in fact five million times as 
active as xanthopterin for cell proliferation 
in this technic. The relation of the new 
vitamin By to xanthopterin was indicated 
in these cell growth experiments by an in- 
hibition of both factors by 7-methylfolic 
acid. Only brief reference was made to the 
finding that 0.01 microgram of vitamin By, 
was as effective as 1 mg. of xanthopterin in 
correcting the anemia and leukopenia of 
rats resulting from sulfathiazole administra- 
tion. 

The relation of xanthopterin to the new 
vitamin By was further studied, and it 
appears that the latter or a related product 
can be formed from xanthopterin by the 
action of enzymes from several sources. A 
xanthopterin oxidase was previously de- 
scribed (H. M. Kalckar and H. Klenow, J. 
Biol. Chem. 172, 349, 351 (1948); Kalckar, 
N. O. Kjeldgaard, and Klenow, /bid. 174, 
771 (1948)), which in common with xan- 
thine oxidase was strongly inhibited by 6- 
pteridyl aldehyde. Norris and Majnarich 
(loc. cit.) have found that the action of milk 
xanthine oxidase on xanthopterin and folic 
acid produces substances of increased ac- 
tivity on the proliferation of red blood cells 
and nucleated cells in the bone marrow 
culture technic. This was particularly evi- 
dent in the case of folic acid, which itself is 
inactive in the bone marrow test. Liver 
homogenate was also studied for its effect on 
folic acid and pterins. Xanthopterin, folic 
acid, and teropterin were tested for their 
activity on a bone marrow culture before and 
after incubation with liver homogenate. 
Xanthopterin has a high activity before 
incubation and only a slight increase after 
incubation, but folic acid and teropterin, 
which were without effect on red blood cell 
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formation before incubation with liver, had 
great activity after incubation. 

Particularly interesting among the enzyme 
studies was that with extracts of rat gastric 
mucosa, especially in view of the relation of 
the intrinsic factor of Castle and gastric 
mucosa. The extract of gastric mucosa of 
rats contained an oxidase which utilized 
xanthine or xanthopterin as a substrate in 
the methylene blue technic. The oxidase 
system of gastric mucosa was apparently 
less active than liver homogenate in produc- 
ing a maximal effect on xanthopterin since a 
seventy-two hour incubation was used in 
contrast to the five hour period with liver. 
Marked increases of cell proliferation oc- 
curred after incubation of xanthopterin and 
folic acid with the gastric mucosa extract. 
The activity resulting was the same as that 
resulting from vitamin By, and the activity 
of the latter was not increased further by in- 
cubation with the gastric mucosa enzyme. 
As in the experiments with vitamin By, the 
investigators found that a single injection of 
only microgram quantities of the products of 
enzyme action on xanthopterin and folic 
acid resulted in a rapid rise in the red blood 
cell, white cell, and reticulocyte count of 
sulfathiazole-anemic rats. 

Norris and Majnarich feel that their work 
resolves some of the confusing aspects of 
the intrinsic-extrinsic factors. It is sug- 
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gested that the extrinsic factor may not be a 
single factor, but may be one or more sub- 
stances of the type of xanthopterin, terop- 
terin, folic acid, or other pteroy! derivatives. 
The intrinsic factor is in the nature of an 
enzyme such as has been demonstrated 
in gastric mucosa or liver that produces 
from the extrinsic factor an active hema- 
topoietic agent. The latter might be vi- 
tamin By, although the investigators state 
that the products of enzyme action on 
xanthopterin and folic acid are apparently 
different chemically from vitamin By. It 
is of interest in the development of this 
fast moving field that the work on the new 
vitamin By provides support for the classic 
picture of extrinsic and intrinsic factors in 
pernicious anemia, while Castle and co- 
workers now link the lack of “intrinsic 
factor” simply to a decreased absorption 
of vitamin By. Further chemical studies 
on vitamin By as well as chemical and 
clinical appraisal of vitamin By are ob- 
viously needed to clarify the present 
complex picture of factors involved in 
pernicious anemia. Although this new ma- 
terial is of considerable interest, translation 
of results obtained from marrow cultures, 
or from anemic rats should not be applied 
too readily to pernicious anemia, which is a 
complex disease occurring only in man. 


METABOLISM OF RADIOACTIVE NIACIN AND NIACINAMIDE 


The synthesis of niacin and niacinamide 


-containing radioactive carbon in the car- 


boxyl group by A. Murray, W. W. Foreman, 
and W. Langham (Science 106, 277 (1947)) 
has made these compounds available for 
investigations concerning their intermediary 
metabolism. L. J. Roth, E. Leifer, J. R. 
Hogness, and W. H. Langham (J. Biol. 
Chem. 176, 249 (1948)) have studied the 
gross metabolism of radioactive niacin and 
niacinamide in mice. On the first day of 
the experiment, 0.7 mg. of radioactive 


niacin (50,000 counts per second) was in- 
jected intraperitoneally into each of 9 mice 
(strain CF-1). A second group of 9 mice of 
the same strain were each injected with 0.7 
mg. of niacinamide (50,000 counts per 
second). The beta radiation from these 
injections was approximately 1 roentgen 
equivalent per day for the first day and 
much less for each succeeding day. Im- 
mediately following injection, the mice were 
placed in glass metabolism cages in which 
urine, feces, and expired carbon dioxide 
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could be collected and analyzed for radioac- 
tivity. A second series of mice was injected 
with similar doses of either radioactive 
niacin or niacinamide. These mice were 
killed at intervals to permit analyses of their 
tissues for radioactivity. 

About 60 per cent of the total amount of 
radioactivity injected as niacin or niacin- 
amide was excreted in the urine during the 
first twenty-four hours. After the first day, 
relatively small amounts of radioactivity 
were excreted by this route so that by the 
fifteenth day, only an additional 10 per cent 
of the original dose had been excreted in the 
urine. During the first twenty-four hours, 
about 2.5 to 4.0 per cent of the total amount 
of radioactivity injected was present in the 
expired carbon dioxide. By the twelfth 
day, the total amount of radioactivity ex- 
pired was only approximately 4.0 to 5.5 per 
cent of the injected dose. An interesting 
observation was the consistently slightly 
higher percentages of radioactivity expired 
and excreted in the urine of the group of 
mice into which radioactive niacinamide had 
been injected. The excretion of radioac- 
tive compounds in the feces was somewhat 
irregular and the investigators suggested 
that this might be due to contamination of 
the feces with urine that consistently had a 
much higher radioactivity. Doubt was ex- 


pressed as to whether a significant amount 
of the radioactivity was excreted in the feces. 

The uptake of radioactive niacin and 
niacinamide differed with the various organs 
and was highest in the kidney and lowest in 
the erythrocytes with spleen, liver, heart, 
brain, sternum, and muscle intermediate. 
No radioactivity was observed in the plasma 
after the first twenty-four hours. The 
length of time necessary for half of the 
radioactivity to be eliminated from the 
various tissues varied as follows: four days 
in liver, kidney, and spleen; five days in 
vardiac muscle and erythrocytes; and eight 
days in brain, sternum, and skeletal muscle. 
The amount of radioactivity present in 
each tissue and the rate of elimination from 
ach tissue were the same when radioactive 
niacin was injected as when radioactive 
niacinamide was injected. These observa- 
tions would indicate that niacin and niacin- 
amide entered the same general metabolic 
system immediately. Presumably a major 
portion of the radioactivity observed in the 
various tissues was in the form of tissue 
coenzyme. One of the most interesting 
observations of this investigation was the 
demonstration that niacin and niacinamide 
were readily decarboxylated to the extent of 
some 15 per cent of the amounts of these 
compounds fixed in the tissues. 


ASSAY OF “ANIMAL PROTEIN FACTOR” USING MICE 


Associated with animal protein materials 
is an unidentified factor, or factors, not 
present in yeast or the major seed protein 
concentrates that is essential for normal 
growth and that may also be necessary for 
maintenance of life in rats and chickens 
(Nutrition Reviews 4, 330 (1946); 6, 71, 219 
(1948)). 

D. K. Bosshardt et al. (J. Nutrition 37, 21 
(1949)) have presented evidence that an 
animal protein factor is essential for the 
mouse and they have developed two biologic 
assay procedures using this animal. 


Thirty-five female mice were carried 
through four successive pregnancies on a 
diet composed of 10 per cent wheat germ 
middlings, 40 per cent well heated soy flour, 
18 per cent hydrogenated cottonseed oil, 3 
per cent cod liver oil, 7 per cent dried yeast, 
18 per cent glucose, and 4 per cent salt 
mixture. There was a striking decrease in 
the total number of mice weaned in succes- 
sive litters varying from 247 in the first 
pregnancies to none in the fourth. This 
decrease was not due to a decrease in the 
number of mice born in successive litters 
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but rather to an increase in postpartum 
mortality, with all the deaths occurring 
the first three days after parturition. 

The surviving males from each series of 
litters were then placed on two diets. One 
diet consisted of 30 per cent alcohol-extracted 
casein, 25 per cent hydrogenated cottonseed 
oil, 2 per cent corn oil, 20 per cent glucose, 
4 per cent salt mixture, 2 per cent cellulose, 
and 17 per cent white dextrin with adequate 
amounts of the usual vitamins. The second 
diet had the same composition except that 
1 per cent of whole, dried, defatted liver was 
added. 

The males from each series of litters grew 
satisfactorily on the diet containing liver, 
showing average gains of 10.98, 10.43, and 
10.40 g. per fifteen days for the first, second, 
and third litters respectively. However, 
the mice on the diet without liver showed 
progressively inferior growth rates in suc- 
cessive litters with average gains of 6.05, 
2.20, and 0.90 g. per fifteen days in the first 
to third litters respectively. 

A study was then made to establish the 
amount of liver necessary for a maximum 
growth response. Using males obtained 
from the first litters of depleted females, 
maximum growth was obtained with 0.5 
to 1.5 per cent of either whole, dried, de- 
fatted liver or Wilson’s 1-20 liver concen- 
trate. Between 0.0 and 0.5 per cent the 
growth response appeared to be proportional 
to the amount of liver added making possible 
an assay procedure. The authors aban- 
doned this possibility, however, because of 
the difficulty in obtaining sufficient numbers 
of uniformly depleted mice at any one time. 

In developing their second assay precedure 
Bosshardt and co-workers utilized observa- 
tions made by B. H. Ershoff and D. Hersh- 
berg (Nutrition Reviews 6, 54 (1948); 
Ershoff, Arch. Biochem. 15, 365 (1947)), 
and by J. J. Betheil, V. D. Wiebelhaus, and 
H. A. Lardy (J. Nutrition 34, 431 (1947)) 
that liver contains a factor or factors dis- 
tinct from all the known vitamins that 
completely counteracts the growth retarda- 
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tion resulting from feeding of toxic amounts 
of thyroid-active materials. 

Accordingly, Bosshardt et al. (loc. cit.) 
found that 0.5 per cent of thyroactive 
iodinated casein added to their basal diet 
produced a growth depression in their mice 
which could be counteracted with liver. 
Desiccated or defatted, dehydrated thyroid 
would not produce the same effect as the 
iodinated casein, perhaps because they con- 
tained animal protein factor. 

In an effort to establish that the same 
factor in liver was responsible for the growth 
stimulation observed with the iodinated 
casein, and in the mice from depleted 
mothers, the two assay methods were com- 
pared using three different samples obtained 
from liver, pancreas, and crude casein. A 
correlation coefficient of 0.89 was obtained, 
indicating that the two assays were probably 
measuring the same substance. 

That this test was probably measuring an 
animal protein factor, was shown by assay- 
ing three different liver extracts. These 
were: (1) a 15 U.S.P. unit per milliliter 
injectable liver extract; (2) a 2 U.S.P. unit 
per milliliter injectable liver extract; and 
(3) a water extract of defatted, dehydrated 
liver concentrated in vacuo to the same 
solid content as the two injectable extracts. 
Intraperitoneal administration of these prep- 
arations resulted in about twice the growth 
response given by oral administration but 
in both instances the 15 unit preparation was 
about three times as potent as the water 
extract, with the 2 unit extract inter- 
mediate. 

Pure vitamin By» was not tried with this 
assay procedure. However, this vitamin is 
known to be present in liver and in various 
antipernicious anemia liver extracts (Nu- 
trition Reviews 6, 245 (1948)). W. H. Ott, 
K. L. Rickes, and T. R. Wood (Nutrition 
Reviews 7, 136 (1949)) have shown that 
vitamin By has animal protein factor ac- 
tivity for the chick. Therefore, it seems 
possible that this mouse growth assay pro- 
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cedure may be measuring vitamin By. 
Further work will be necessary to clarify 
this point and to establish whether the 


EXTRAHEPATIC CONVERSION 


In a series of papers, H. J. Deuel and co- 
workers (E. L. Sexton, J. W. Mehl, and H. J. 
Deuel, J. Nutrition 31, 299 (1946); F. H. 
Mattson, Mehl, and Deuel, Arch. Biochem. 
15, 65 (1947); C. E. Wiese, Mehl, and Deuel, 
Ibid. 15, 75 (1947)) concluded that evidence 
in support of the theory that the liver was 
the site of conversion of carotene to vitamin 
A was unsatisfactory, and presented evi- 
dence that this conversion occurred in the 
intestinal wall. These results were secured 
in the vitamin A deficient rat, and it can be 
argued that the liver might still be the site 
of the conversion which takes place in the 
normal animal. 

To investigate this possibility, R. F. 
Krause and H. B. Pierce (Arch. Biochem. 19, 
145 (1948)) partially ligated the portal vein 
of rats, thereby stimulating collateral circu- 
lation. At the same operation a second 
ligature was knotted loosely about the portal 
vein, the hepatic artery, and the common 
bile duct. These were subsequently drawn 
closed to cut off completely the hepatic circu- 
lation. At this time, aqueous dispersions of 
20,000 1. vu. of carotene in Tween 40 and 
water were administered orally to the fasted 
rats. Blood samples were taken by cardiac 
puncture six or eight hours after feeding the 
carotene, and serum vitamin A and carotene 
were determined. A large increase in the 
serum vitamin A following administration of 
carotene was observed in the ligated rats. 
The magnitude of this increase was similar 
to that produced in normal rats by admin- 


growth response is sufficiently proportional 
to the vitamin content to produce consistent 
assay results. 


OF CAROTENE TO VITAMIN A 


istration of the same amounts of carotene. 
Control doses of Tween 40 were administered 
to ligated rats without producing increases in 
serum vitaminA. Nocarotene could be found 
in the serum of either ligated or normal rats. 
Thus it would appear definite that hepatic 
circulation is not necessary for the con- 
version of carotene to vitamin A in vitamin 
A sufficient animals. This proof is of course 
dependent upon demonstration that the he- 
patic circulation was in fact eliminated. To 
show this, India ink was injected intracar- 
dially after taking the final blood samples. 
Two to three minutes later, the livers were 
removed and examined histologically for the 
presence of ink. From these examinations 
it was apparent that ligation was essentially 
complete. Livers of the ligated animals 
showed at most only about 10 per cent as 
much ink as those from normal animals. 
The authors are careful to point out that 
this evidence does not completely exclude 
the liver as the site of conversion, since small 
amounts of blood did get to it. One is in- 
clined to agree with their estimate that this 
amount is so small that it is extremely un- 
likely that it could account for the observed 
levels of serum vitamin A. The experiments 
do not, however, rule out the liver as an 
auxiliary site for the conversion. Failure to 
find any carotene in the blood serum of rats 
following administration of these amounts 
may indicate, however, that it is not nor- 
mally absorbed by the rat and hence does 
not normally reach the liver in any case. 


NUTRITION AND RETROLENTAL FIBROPLASIA 


Retrolental fibroplasia is a term coined by 
T. L. Terry (Am. J. Ophth. 25, 203 (1942)) 
to describe a type of blindness appearing in 


premature infants 1 to5 months of age. The 
disease consists of a membrane behind the 
lens. This condition, often mistaken for ret- 
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inoblastoma, has been recognized for nearly 
a century, being known in the older literature 
as persistent hyaloid artery, persistent tunica 
vasculosa lentis, etc., though its etiology has 
not been determined. In the past decade 
the incidence of this disease has shown an 
unexplained rise in some localities. 

A significant chapter in the history of this 
disease has now been added by V. E. Kinsey 
and L. Zacharias (J. Am. Med. Assn. 139, 
572 (1949)). They have reported a positive 
correlation between the incidence of the dis- 
ease in premature infants and the use of cer- 
tain vitamin preparations and the increased 
use of iron. 

Their study was conducted by sending in- 
quiries to parents or guardians of all infants, 
born in certain hospitals, who weighed 4 
pounds or less at birth. When ocular de- 
fects were reported the children were seen 
by an ophthalmologist who made the diag- 
nosis in all cases. Information was secured 
from a number of hospitals in the United 
States and one hospital in England. 

The data obtained were analyzed by corre- 
lating the incidence of the disease in differ- 
ent years and in different hospitals with such 
factors as age and parity of the mother, Rh 
blood type, medications of various sorts, the 
type of delivery, the degree of prematurity, 
and many other factors. Significant corre- 
lations were obtained with three factors. 
The offspring of multiparous women were 
more likely to have the disease than those 
from primiparous women. Infants who re- 
mained in the nursery, incubator, or in oxy- 
gen for long periods were more likely to 
develop retrolental fibroplasia. The latter 
suggests, but does not prove, a relation of 
poor general health, or possibly of prolonged 
oxygen administration, to subsequent de- 
velopment of the disease. 

The third significant correlation was with 
the use of relatively large amounts of water 
miscible vitamin preparations and increased 
use of supplemental iron. As many as 25 
per cent of 3 to 4 pound prematures in some 
hospitals using this vitamin preparation and 
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iron developed the disease. In addition 
there seemed to be a relation between the 
amount of the preparations used and the in- 
cidence. In one hospital where records for 
ten years were available, the increased in- 
cidence of the disease paralleled the use of 
increased amounts of these substances. 

Iron was generally given as ferrous sulfate. 
The vitamin preparation as used in one of 
the hospitals contained in each drop 500 
units of vitamin A, 100 units of vitamin D, 
0.1 mg. of thiamine, 0.1 mg. of riboflavin, 
0.5 mg. of niacinamide, and 5.0 mg. of as- 
corbic acid. The exact method of admin- 
istration and the amounts used were not 
stated except that the total amount given 
during hospitalization was frequently 300 to 
400 drops. 

The agent used to solubilize the vitamins 
A and D was not stated but, since several 
different agents were used without change 
in the disease incidence, it did not seem likely 
that this was a factor. 

Since the iron and vitamin mixture were 
given concurrently it was not possible to de- 
termine their separate importance. No in- 
formation was given as to any influence other 
types of vitamin preparations might have. 

It should be emphasized, as the authors 
carefully point out, that the existence of this 
correlation does not prove that use of the 
vitamin preparation and iron is the cause of 
the disease but it does suggest a possibility 
which should be vigorously and promptly 
investigated. 

The use of supplemental iron and vitamin 
D in treating prematures is a procedure of 
well established benefit. Their use should 
not be discontinued without careful consider- 
ation of the evidence, despite the questions 
raised by the present study. It might be 
wise, however, to use the water miscible vita- 
min preparations in amounts no larger than 
is essential or perhaps shift to the use of oil 
soluble vitamin A and D products. The pre- 
mature infant absorbs vitamin A more easily 
from the water miscible form than from oil 
solutions. Nevertheless they can absorb 
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enough from oil solutions if the dose is in- 
creased somewhat (J. M. Lewis, O. 
Bodansky, J. Birmingham, and 8S. Q. Cohlan, 
J. Pediairics 31, 496 (1947); 8. H. Clifford 
and K. F. Weller, Pediairics 1, 505 (1948)). 

The need of the premature infant for sup- 
plemental A and B vitamins is less clearly 
established than for iron and vitamin D. 
Apparently most of the impetus for the use 
of large doses of vitamin A came from the 
studies of J. Warkany (J. Pediatrics 25, 476 
(1944)) who showed that a disease resem- 
bling retrolental fibroplasia in many respects 
could be produced in young rats born of 
mothers deficient in vitamin A. In this con- 
nection, B. Jackson and V. E. Kinsey (Am. 
J. Ophth. 29, 1234 (1946)) showed that ocular 
symptoms in the offspring of rats were pres- 
ent only when the vitamin A blood level in 
the mother was less than 12 1.v. per 100 ml.— 
a deficiency so severe that it seems unlikely 
to be encountered in mothers of human babies. 

There are some other factors which may 
be of importance in the etiology of this dis- 
ease. Terry (loc. cit.) was able to show that 
it was related to prematurity, occurring most 
often in the more premature infants. The 
study of Kinsey and Zacharias (loc. cit.) sup- 
ports this view, since in all instances they 
found a higher incidence of the disease in 
premature infants weighing less than 3 
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pounds than in those who weighed between 
3 and 4 pounds at birth. It has been sug- 
gested that the increasing incidence of retro- 
lental fibroplasia may be due to an increased 
survival of prematures with modern methods 
or perhaps to an increased medical conscious- 
ness of the disease leading to more frequent 
diagnosis; the report of Kinsey and Zacharias 
does not support either of these suggestions. 

A. C. Krause (Arch. Ophth. 36, 387 (1946)) 
has shown that this condition may also oc- 
cur in conjunction with signs of extensive 
central nervous system degeneration, a syn- 
drome which he calls congenital encephalo- 
ophthalmic dysplasia. The occurrence of 
such extensive changes suggests a funda- 
mental congenital defect. 

It should be noted that the observations 
and implications in the report of Kinsey and 
Zacharias are confined to premature babies 
weighing 4 pounds or less. The incidence 
of retrolental fibroplasia in heavier prema- 
tures and in full term infants is much lower 
than it is in the lighter infants. Accordingly 
there is no evidence indicating any contra- 
indication to the use of iron or vitamins in 
full term infants. 

Further studies of these many questions 
are apparently planned by these authors. 
Their results will be awaited with great 
interest. 


RICKETS IN PREMATURE INFANTS 


The need of premature infants for vitamin 
D has been considered to be greater than 
that of full term infants. Prophylactic 
doses of 1000 to 2000 U.S.P. units have been 
suggested (M. Gleich, Arch. Pediatrics 53, 5 
(1942)) as compared with 400 units reported 
to be sufficient for full term infants 
(G. Stearns, P. C. Jeans, and V. Vandercar, 
J. Pediatrics 9, 1 (1936)). 

K. Glaser, A. H. Parmelee, and W. 38. 
Hoffman (Am. J. Dis. Child. T7, 1 (1949)) 
have followed 166 premature infants (85 per 
cent Negro) for eight months in an attempt 


to determine the minimum requirements of 
vitamin D for the prevention of rickets and 
promotion of normal growth, and to com- 
pare the efficacy of several sources of this 
vitamin. Four preparations were given in 
doses of 100, 200, 400, or 800 units daily: 
(1) vitamin D. prepared by low velocity elec- 
tron activation of ergosterol; (2) viosterol 
prepared by ultraviolet irradiation of ergos- 
terol; (3) crystalline vitamin D.; and (4) 
“delstrol”’ prepared by ultraviolet irradiation 
of 7-dehydrocholesterol. Bioassay of com- 
parable dilutions of these preparations by 
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two different laboratories showed essential 
agreement. 

The infants, all of whom weighed less than 
5 pounds (2268 g.), were studied in the hos- 
pital for six weeks, then in the clinic at two 
week intervals. Diluted evaporated cows’ 
milk was supplied for formulas, with ascorbic 
acid or orange juice as a supplement. In- 
fants were weighed and measured regularly. 
Roentgenograms of the long bones were ob- 
tained two and six weeks after birth, then 
every four weeks. Chemical analyses in- 
cluded determination of hemoglobin concen- 
tration and of inorganic phosphorus, alkaline 
phosphatase, and calcium in the serum. 

Gain in weight and length was uniformly 
good in all infants. No case of clinical rick- 
ets developed. Roentgenographic evidence 
of rickets (enlargement, cupping, and fray- 
ing of epiphyseal lines with or without bow- 
ing of the shafts) was noted in 9 infants (2 
doubtful). Serum phosphatase was ele- 
vated above 15 Bodansky units per 100 per 
milliliter in 29 infants, 6 of whom had 
abnormal roentgenograms. Although no 
change was made in vitamin D administra- 
tion, x-ray findings did not progress in any 
case and at times returned to normal, while 
phosphatase levels decreased in many in- 
fants. 

The authors suggest that, in prema- 
ture infants, the upper limit of normal for 
alkaline phosphatase is perhaps 20 instead of 
15 Bodansky units. With this criterion, ele- 
vation occurred in 12 infants, 10 of whom 
received only 100 to 200 units of vitamin D 
daily. There was no statistical evidence of 
superiority of one vitamin D preparation 
over another. It is concluded that although 
100 units satisfactorily prevent rickets in 
most premature infants, 400 to 800 units al- 
low a greater margin of safety. 

Serum calcium and phosphorus were usu- 
ally at high normal levels even in the pres- 
ence of roentgenographic signs of rickets. 
These high levels may be explained in part 
by the use of cows’ milk for the infants’ 
formulas. G. V. Sydow (Acta Paediat. 35, 


(Suppl. 1: III) 169 (1948)) studied the effects 
of feeding human milk and cows’ milk, with 
and without vitamin D, on the development 
of rickets in premature infants (birth weight 
less than 2000 g.). Roentgenograms were 
obtained at intervals and the concentration 
of phosphorus, alkaline phosphatase, and cal- 
cium measured in the serum. In the first 
few days of life, premature infants, as com- 
pared with normal full term breast-fed in- 
fants, show higher calcium (1 mg. per cent), 
increased alkaline phosphatase (one and a 


half times), and similar phosphorus concen- 


trations in the serum. In _ subsequent 
months values depend on the type of feeding. 

When human milk is given with or with- 
out supplementary vitamin D, phosphatase 
values are about twice those of full term 
infants with three times the standard de- 
viation; when cows’ milk is used these values 
are lower but still elevated; when both cows’ 
milk and vitamin D are prescribed, values 
are entirely normal. The concentration of 
serum inorganic phosphorus is considerably 
lower in prematures fed human milk, with 
or without vitamin D, than in full term 
infants; the concentration approaches normal 
but with twice normal standard deviation 
when cows’ milk is fed and a slight increase 
occurs when vitamin D is added. 

The concentration of serum calcium is 
lower in premature than in full term infants 
regardless of the type of milk fed unless vita- 
min D is given as a supplement, in which case 
the level approaches normal. The main ef- 
fect of vitamin D is an increase in serum ¢al- 
cium level, that of cows’ milk an increase in 
serum phosphorus and a decrease in phos- 
phatase, the latter change being enhanced by 
vitamin D. 

Roentgenographic evidence of rickets was 
noted as early as the fourteenth day, and 
was found after one month in half of the in- 
fants examined. Histologic changes were 
present in one infant who died on the twenty- 
first day. Neither cows’ milk nor vitamin D 
prevented roentgenographic signs of rickets, 
but changes developed infrequently when 
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cows’ milk was used and rarely when cows’ 
milk was supplemented with large doses of 
vitamin D. Evaluation of the data pre- 
sented is difficult since neither the dose of 
vitamin D nor the number of infants studied 
on each of the regimens is given in the 
paper. 

A comparison of blood analyses with roent- 
genographic findings showed the following: 
(1) with human milk: higher phosphatase 
and lower inorganic phosphorus levels when 
the x-ray showed rachitic changes than when 
it was normal; (2) with cows’ milk: the same 
or slightly higher phosphatase and the same 
phosphorus concentration when x-ray evi- 
dence of rickets was present than when it 
was absent. The level of serum calcium was 
unrelated to roentgenographic findings of 
rickets both in infants who had and those 
who had not received vitamin D. 
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Histologic studies in 9 infants who died 
showed changes characteristic of rickets in 2 
infants in whom positive x-ray findings had 
been noted and in 2 in whom the x-ray had 
been normal. No histologic changes were 
found in one infant in whom serum phos- 
phorus was low and in one in whom phos- 
phatase concentration was high. Further 
studies correlating phosphatase levels and 
histologic evidence of rickets would be de- 
sirable. 

Phosphatase activity has been consid- 
ered to be a most sensitive index of active 
rickets (Nutrition Reviews 2, 331 (1944)). In 
view of the possible effect of cows’ milk on 
the concentration of alkaline phosphatase, 
it would appear unwise to rely exclusively 
on determination of phosphatase activity for 
the diagnosis of early rickets in infants fed 
cows’ milk. 


EFFECT OF ENVIRONMENT ON VITAMIN CONTENT OF VEGETABLES 


A series of studies made in recent years at 
the United States Plant, Soil, and Nutrition 
Laboratory at Ithaca, New York showed 
that large variations in relative concentra- 
tions of macronutrient elements, calcium, po- 
tassium, magnesium, nitrate nitrogen, sul- 
fate, and phosphate do not result in 
appreciable changes in ascorbic acid or caro- 
tene contents of turnip greens or tomatoes. 
Also it was shown that severe deficiencies of 
micronutrient elements, manganese, zinc, 
copper, boron, and iron were not associated 
with variations in contents of ascorbic acid, 
carotene, or riboflavin, these being more 
affected by climatic factors. To supplement 
this work, C. V. Lyon and K. C. Beeson 
(Bot. Gaz. 109, 506 (1948)) have evaluated 
the influence of comparatively high concen- 
trations of micronutrient elements in the nu- 
trient medium on contents of four vitamins: 
thiamine, niacin, riboflavin, and ascorbic 
acid in turnip greens and tomato fruits. 

Maximum concentrations (parts per mil- 
lion) used which did not completely inhibit 


growth were: manganese, zinc, and molyb- 
denum 100, copper 50, and boron 60. A 
maximum of 150 p.p.m. of iron was practical. 
A randomized block experimental design was 
used and analysis of variance was made for 
each character. Selected mineral analyses 
were also presented. 

Iron concentrations as high as 147 p.p.m. 
produced no significant effects on growth and 
no differences in vitamin content, although 
increasing amounts of iron were absorbed. 
As concentrations of copper, manganese, 
boron, zinc, and molybdenum increased in 
the nutrient solution, plant growth was 
retarded and definite specific toxicity 
symptoms developed for both turnips and 
tomatoes. Greater concentrations 
likewise found in vegetative plant parts. 

Certain changes in vitamin contents were 
highly significant. Increasing the 
supply resulted in a 60 per cent increase in 
both the niacin and thiamine content of tur- 
nip leaves. However, ascorbic acid values 
were 20 per cent less. Increased manga- 
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nese supply produced a 35 per cent increase 
in niacin and riboflavin, with a 25 per cent 
decrease in ascorbic acid. Increased molyb- 
denum resulted in increased thiamine and 
niacin contents. 

in the case of tomato fruits, increase of 
boron, manganese, or molybdenum lowered 
the ascorbic acid content, but higher copper 
concentrations raised this value. Differ- 
ences as high as 65 per cent were found asso- 
ciated with copper treatments. Practical 
application of these effects is not obvious be- 
cause distinct toxicity symptoms of less 
growth and fruitfulness results from all treat- 
ments except for iron. A more detailed 
study of the boron effects might be significant 
at lower levels. 

These data do not support several recent 
suggestions that manganese plays a role in 
ascorbic acid synthesis in green leaves. The 
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increase of ascorbic acid content in tomato 
fruits caused by copper is interesting in its 
possible relation to the copper-protein nature 
of ascorbic acid oxidase (found in squash and 
cucumbers). ' 

The influence of light intensity on the vi- 
tamin content of plants has been studied fur- 
ther by F. A. Gustafson (Plant Physiol. 23, 
3873 (1948)) using tomato, corn, pea, bean, 
spinach, and potato. Only the leaves were 
studied, in relation to darkness compared 
with daylight and different intensities of day- 
light. In general, thiamine contents were 
higher in light and at higher intensities, the 
amount varying with age of leaves and po- 
sition on the plant. Differences were greater 
in younger leaves. Results with riboflavin 
were variable and differences less, though in 
general they favored the more irradiated 
plants. 


DIETARY HEPATIC DAMAGE IN THE RABBIT 


Knowledge of the exact requirement of 
nutrients by the rabbit remains incomplete. 
Purified diets that approach adequacy have 
been devised but these do not consistently 
permit optimum growth and complete free- 
dom from manifestations of metabolic 
abnormalities (A. G. Hogan and J. W. 
Hamilton, J. Nutrition 23, 533 (1942); J. G. 
Wooley and W. H. Sebrell, /bid. 29, 191 
(1945); O. Olcese, P. B. Pearson, and B. 8. 
Schweigert, Jbid. 35, 577 (1948)). The so- 
lution of this problem will constitute an im- 
portant advance because it will make possible 
the detailed study of nutritional problems of 
herbivora in a particularly useful type of 
laboratory animal. 

Rabbits appear unusually susceptible to 
hepatic degeneration of dietary origin (C. H. 
Bailey, J. Exp. Med. 23, 69 (1916); A. R. 
Rich and J. D. Hamilton, Bull. Johns Hop- 
kins Hosp. 66, 185 (1940); M. A. Spellberg 
and R. W. Keeton, Am. J. Med. Sci. 200, 
688 (1940)). Surprising, however, is the ob- 
servation that fatty and cirrhotic livers regu- 


larly develop in this species when fed a diet 
of whole milk (S. E. Smith and G. H. Ellis, 
J. Nutrition 34, 33 (1947)). The peculiar 
inadequacy of the milk diet is further em- 
phasized by the fact that the growth rate is 
retarded even though the whole milk powder 
is supplemented with iron, copper, and man- 
ganese (S. E. Smith, M. Medlicott, and 
G. H. Ellis, Arch. Biochem. 4, 281 (1944). In 
a subsequent report, E. J. Thacker and G. H. 
Ellis (J. Nutrition 36, 579 (1948)) have 
shown that none of the known nutrients suc- 
cessfully maintains the integrity of the liver 
of the rabbit on a milk diet but that a factor 
in alfalfa is protective. 

In these studies 137 young Dutch rabbits 
were fed the mineralized (iron, copper, man- 
ganese, and iodine) basal whole milk powder 
diet, with or without supplements, for ten 
weeks. Survival was good, the over-all mor- 
tality being less than 3 per cent. Despite 
the healthy appearance of the animals there 
was a high incidence of fatty, fibrotic livers 
which were unaffected by supplements, ex- 
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cept in the case of substitution of one half 
of the milk powder by dehydrated alfalfa 
meal. The 9 rabbits in this group were the 
only animals in the series that showed normal 
livers. The various ineffective supplements 
included smaller additions of the alfalfa meal, 
aqueous and alcoholic extracts of alfalfa, the 
complete Osborne and Mendel salt mixture, 
roughage, methionine, and a vitamin mix- 
ture that contained choline, niacin, inositol, 
pyridoxine, thiamine, riboflavin, calcium 
pantothenate, biotin, folic acid, vitamin K, 
alpha-tocopherol, vitamin A, and viosterol. 
Growth was subnormal on the basal min- 
eralized milk diet but was significantly im- 
proved by levels of alfalfa meal that failed 
to show liver protection. These data in- 
dicated that the alfalfa meal contained a 
very small amount of an unidentified sub- 
stance required for growth and for the pre- 
vention of hepatic fatty infiltration and 
degeneration. 

The deleterious effect of the milk diet was 
not due to a toxic factor because similar 
effects followed feeding of rations composed 
of casein, starch, hydrogenated vegetable 
oil, salts, and vitamins. However, sub- 
stitution of yeast for the vitamin mixture or 
the use of commercial rather than purified 
casein resulted in partial protection. Addi- 
tion of cholesterol to a purified diet of this 
type did not increase the severity of the liver 
pathology. 

It is possible that more than one factor in 


alfalfa is involved in the stimulation of 
growth and in the protection of the liver ob- 
served by Thacker and Ellis. Whether the 
growth factor is the ‘grass juice factor” (Nu- 
trition Reviews 2, 55 (1944)), strepogenin 
(Ibid. 4, 273 (1946)), the “animal protein 
factor” (Ibid. 6, 219 (1948)), or vitamin By. 
(Ibid. 6, 193, 245, 291 (1948)) is not known. 
The authors do not believe that labile methy] 
deficiency is involved in the hepatic degen- 
eration inasmuch as dietary levels of 0.2 per 
cent of added choline or methionine were in- 
effective. Choline is protective in certain 
types of liver pathology in the rabbit (/bid. 
2, 314 (1944)). The determination of the 
effect in rabbits of increased levels of alpha- 
tocopherol and of added xanthine might be 
of interest (Ibid. 6, 118 (1948)), although 
there was no indication of protein deficiency 
in these studies. 

An understanding of the cause of fatty in- 
filtration and hepatic degeneration in the 
rabbit fed apparently adequate diets will be 
helpful in so far as the use of the rabbit in 
nutritional studies is concerned. The factor 
or factors supplied by alfalfa, and possibly 
by yeast and commercial casein, should be 
present in larger amounts in foods that are 
commonly used by this species. The low 
mortality and apparently healthy state of 
the rabbits observed by Thacker and Ellis 
emphasize the necessity of careful autopsies 
in studies of this type. 


VOLUNTARY CALORIC INTAKE IN RATS 


It is a common teaching that deprivation 
of an essential nutrient causes hunger for 
that nutrient, although experimental evi- 
dence for this idea is far from conclusive 
(Nutrition Reviews 2, 199 (1944)). An 
involuntary drive to eat foodstuffs that sup- 
ply a missing dietary factor is unimportant 
in man whose partaking of food is so radically 
influenced by acquired habits. Certainly 
there is no evidence of this impelling stimulus 


in populations which have chosen to consume 
polished instead of unpolished rice. On the 
other hand, the seeking out of a ‘‘salt lick” 
by animals is believed to be a manifestation 
of hunger for sodium chloride. 

The mechanisms that control the drive to 
eat are of great importance to the farmer who 
fattens farm animals for the market. These 
mechanisms are also of concern to the inves- 
tigator who studies the nutritional value of 
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foodstuffs. Do animals grow because they 
eat or do they eat because they grow? The 
fact that inferior growth and decreased food 
intake are associated factors has made it diffi- 
cult to interpret studies in which evaluation 
of nutritional value depends upon variations 
in weight increments in animals that ‘“‘volun- 
tarily”’ ingest different quantities of food. 
This dilemma has been responsible for the 
present emphasis in nutritional investiga- 
tions on equalization of food intake by re- 
striction of some or all of the animals in a 
series to a definite portion of a ration daily. 
Equalization of food intake, in turn, is open 
to the objection that it arbitrarily removes 
from consideration the possibility that the 
drive to eat may be a direct or indirect at- 
tribute of food mixture. 

Additional information on these points has 
been reported by R. A. Harte, J. J. Travers, 
and P. Sarich (J. Nutrition 36, 667 (1948)). 
Weanling rats were fed the same adequate 
ration ad libitum for twelve weeks and the 
relation of food consumption to the surface 
area of the body was calculated. The diet 
allowed good growth as evidenced by the 
fact that growth data gave straight lines in 
the log weight-reciprocal age coordinate sys- 
tem proposed by L. Zucker and T. F. Zucker 
(J. Gen. Physiol. 25, 445 (1942)), with slopes 
differing only slightly from those described 
as optimum. 

Surface area was calculated according to 
the formula reported by G. G. Carman and 
H. H. Mitchell (Am. J. Physiol. 76, 380 
(1926)), namely, area in square centimeters 
equals weight in grams to the two-thirds 
power multiplied by 11.36. The caloric 
intake per square decimeter of body surface 
was approximately 21 calories during the 
fourth week of life (first week after weaning). 
It increased to a maximum of 23 calories 
during the fifth week and then decreased to 
a constant value of 12.5 to 13.0 calories after 
the twelfth week. 

The period of greatest caloric intake per 
unit of body surface, the fifth week of life, is 
also the period of greatest energy metabo- 
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lism per unit of surface in the rat (S. Brody, 
“Bioenergetics and Growth,” Reinhold Pub- 
lishing Corp., New York (1945)). The cal- 
oric intake of 12.5 to 13.0 calories per square 
decimeter represents the energy requirement 
of rats that have passed the stage of rapid 
growth. It is also the energy allowance that 
determines the adequacy of the correspond- 
ing quantity of food in the feeding of protein- 
depleted rats (Nutrition Reviews 6, 213 
(1948)). 

In the studies of Harte, Travers, and 
Sarich the intake of food per unit of body 
surface was significantly greater in males 
than in females up to the tenth week, but not 
thereafter. Differences in the initial wean- 
ing weight, sex being the same, had a greater 
influence on gain in weight than whether the 
animals were litter mates. 

In a second series, similar data were ob- 
tained during a five week period in animals 
fed isonitrogenous, isocaloric diets contain- 
ing casein, beef, whole egg, peanut flour, or 
wheat gluten as sources of protein. The 
poorest (14 g.) and the best (105 g.) gains 
in weight occurred in groups fed the wheat 
gluten and the whole egg protein, respec- 
tively. Despite the wide range in the rates 
of growth, there was no significant difference 
in the consumption of food per unit of sur- 
face area. Under these conditions it ap- 
peared that the primary purpose in eating 
was to satisfy the energy requirement and 
that gain in weight and in body surface was 
incidental to the satisfaction of the caloric 
demand. If the food that supplied the cal- 
ories permitted growth, then the food intake 
increased in proportion to the increase in sur- 
face, the caloric intake per unit of surface 
remaining constant. 

These data offer no support for the oper- 
ation of a protein-hunger mechanism. The 
growth of the rats receiving the wheat gluten 
diet was very poor, presumably because of 
the low biologic value of the protein. This 
implies that a limiting amino acid, probably 
lysine, in an inefficient amino acid mixture 
determined the rate of growth (Nutrition Re- 
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views 1, 178 (1943)). If protein hunger had 
been the decisive factor, more food would 
have been consumed with resulting increases 
in weight, surface area, and caloric require- 
ment. This was not the case in the wheat 
gluten group even though a doubling of the 
food intake would have involved a quantity 
of food that was appreciably less than that 
eaten by the egg protein group. 

It would appear that growing rats will not 
voluntarily eat the quantity of food required 
for normal growth if the ratio of calories to 
growth-promoting constituents exceeds a cer- 
tain value, a value which would be associated 
with excess deposition of fat. This state of 
affairs may be the factor which controls the 
situation by inhibition of appetite. 

The results reported by Harte, Travers, 
and Sarich indicate a close relation in the 
rat between caloric intake and surface area 
regardless of the protein quality of the ration, 
but they do not explain the fundamental 
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problem of control of appetite in this species. 
Whether this relation holds for dietary vari- 
ations in each one of the many food essentials 
is not certain at the present time. Harte 
et al. state that preliminary data on diets 
containing egg white as the protein suggest 
that the caloric intake per unit of surface 
may be less in this instance than the constant 
value noted for the proteins discussed above. 
It is probable that the natural or normal 
drive to eat is limited by the over-all balance 
between calories and nutrients and that the 
limitation in the case of inadequate dietaries 
is beneficial. On the other hand, is it 
possible that there is no similar mechanism 
of inhibition of food intake, except physical 
satiety, in the case of food mixtures that are 
highly efficient in the ratio of calories to 


nutrients? Would a diet of the latter type 
result in deleterious maximal rather than 


desirable optimal growth (Nutrition Reviews 
3, 329 (1945))? 


NITROGEN BALANCE AND ENERGY METABOLISM 


The efficiency of various proteins in the 
provision of amino acids for growth or for 
maintenance differs markedly. This ef- 
ficiency, or biologic value, appears to depend 
largely on the availability of indispensable 
amino acids in the protein. The effect of 
the protein on the expenditure of energy, or 
specific dynamic action, is also a factor. 

Several procedures are commonly em- 
ployed in the experimental measurement of 
biologic value (Nutrition Reviews 2, 169 
(1944)). The simplest method from the 
laboratory standpoint is the determination of 
the relative effect of a protein as a source of 
the amino acids required for the growth of 
young rats (/bid. 2, 167, 239 (1944); 3, 171 
(1945); 5, 144 (1947)). 

The value of a protein for maintenance in 
the adult is usually found by noting the effect 
of small amounts on nitrogen equilibrium in 
animals that are deprived of adequate die- 
tary protein and, as a result of tissue break- 


down, excrete more nitrogen than is ingested 
(negative nitrogen balance). Studies of this 
type have been reported for several species, 
including rats (Nutrition Reviews 2, 212 
(1944); 5, 235 (1947)), dogs (Ibid. 5, 326 
(1947); 6, 269 (1948)), and man (Ibid. 4, 264 
(1946); 6, 268, 326 (1947); 6, 61 (1948)). 
The effect of protein and of other dietary 
constituents on wasteful expenditure of 
energy (specific dynamic action) has also 
been discussed in previous reviews (Jbid. 3, 
82 (1945); 4, 34 (1946); 5, 100 (1947); 6, 300 
(1948)). 

Refinements of the nitrogen balance 
technic include attempts to evaluate more 
precisely the relation between balance 
and absorbed nitrogen (Nutrition Reviews 4, 
29 (1946)). The curve expressing the 
relation between these two variables 1s 
linear in the region of balance and negative 
balance. The slope of the curve is a measure 
of the biologic value of the protein (J. B. 
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Allison and J. A. Anderson, J. Nutrition 29, 
413 (1945)). It is possible to determine the 
slope from any two experimentally-deter- 
mined points in the region of linearity and 
by extrapolation estimate the nitrogen excre- 
tion at zero intake and the amount of ab- 
sorbed nitrogen required for equilibrium for 
the dietary protein used. Of particular in- 
terest is the extension of this method of 
estimating biologic value to include measure- 
ments of the effect of amino acid mixtures on 
nitrogen balance and on specific dynamic 
action (J. T. Anderson and E. 8. Nasset, 
Ibid. 36, 703 (1948)). 

Groups of mature, male rats were fed 
diets that supplied equal levels of available 
energy (38 to 40 calories per rat per day) 
and that varied in the supply of the in- 
dispensable amino acids, isoleucine, me- 
thionine, and valine. The sequence of 
feedings in a single experiment was: (1) 
two or three weeks of normal diet; (2) one 
week of nitrogen-free diet; (3) one week of 
amino acid mixture diet; (4) one and one- 
half days of fasting. Carefully controlled 
measurements of heat production were made 
during the week of amino acid feeding and 
during the fasting period. The animals 
were fed the isocaloric diets by tube twice 
daily. The total nitrogen of the amino 
acid diets was low enough to produce nega- 
tive nitrogen balance, the state of nitrogen 
equilibrium in which the relation between 
balance and absorbed nitrogen is linear. 
The composition of the amino acid diet 
resembled the mixture of essential amino 
acids occurring in the proteins of egg. 
Extra nitrogen was provided in the form of 
glutamic acid or of glycine. 

Substitution of glycine for glutamic acid 
had no significant effect on either nitrogen 
balance or specific dynamic action. A 
decrease in the valine intake from 45 to 15 
mg. of pui-valine daily was also without 
effect, indicating that the lower level pro- 
vided sufficient valine to support full ef- 
ficiency of utilization of the nitrogen of the 
amino acid mixture. 


In the case of isoleucine, a decrease from 
39 to 13 mg. of pL-isoleucine daily resulted 
in a marked decrease in the biologic value of 
the amino acid mixture and this was asso- 
ciated with a large increase in specific 
dynamic action. 

The calculated nitrogen absorptions re- 
quired for nitrogen equilibrium on the com- 
plete and low isoleucine amino acid mixtures 
were 162 and 212 mg. of nitrogen per day per 
kilogram*’*, respectively. This increase in 
the amount of nitrogen required to establish 
nitrogen balance was paralleled by an 
elevation of the specific dynamic action 
from 2.9 to 6.0 calories per day per rat. 
The increase in the cost of metabolism 
represented approximately 8 per cent of the 
caloric intake. On the other hand, a 
decrease in the daily supply of methionine 
from 24 to 8 mg. of pit-methionine lowered 
the efficiency of the amino acid mixture with 
no change in specific dynamic action. In 
this instance the estimated nitrogen mini- 
mums for the complete and low*methionine 
diets were 165 and 323 mg. of nitrogen per 
day per kilogram*, respectively, and the 
corresponding values for specific dynamic 
action were 2.9 and 2.2 calories per rat per 
day. 

Broad conclusions from these simul- 
taneous nitrogen balance and energy metab- 
olism studies are not possible because the 
results with either isoleucine or methionine 
may represent exceptions. It will be most 
interesting if the extension of these studies 
to other amino acids shows a general lack 
of correlation between decreased nitrogen 
efficiency and increased energy cost of 
metabolism. Such a correlation appears 
reasonable and the failure of specific dynamic 
action to increase in the animals fed the low 
methionine diet is difficult to understand. 
It may be that the explanation lies in un- 
recognized variations in both exogenous 
and endogenous metabolism as a result of 
the diminished intake of the sulfur-con- 
taining amino acid. 

Specific dynamic action remains an in- 
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triguing and poorly understood phenomenon 
that is grossly wasteful of the energy supply 
under normal conditions. Similarly, despite 
advances made in the field of amino acid 
metabolism, we are still very much in the 
dark with respect to the nitrogen metabolism 
associated with a state of negative nitrogen 
balance. Which tissue proteins are catab- 
olized? Is the degradation of these pro- 
teins the result of the failure of the body to 
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control efficiently its catabolic mechanisms 
or is it really a controlled method of pro- 
viding individual amino acids that are not 
supplied in sufficient quantities if the diet is 
low in protein? Much of the present un- 
certainty on these points will doubtless disap- 
pear as it becomes possible through improved 
methods of study to substitute individual 
amino acid balances for the nonspecific, 
overshadowing term, nitrogen balance. 


UTILIZATION OF FAT ADMINISTERED INTRAVENOUSLY 


The experiments of L. J. Dunham and A. 
Brunschwig (Nutrition Reviews 3, 3 (1945)) 
on the use of parenterally administered fat 
emulsions did not suggest a hopeful outlook 
for such a source of calories. The large fat 
droplet size and possibly other factors led to 
death of some of the dogs used, and no 
nitrogen-sparing action of the fat could be 
demonstrated. 

Work in the Harvard nutrition laborato- 
ries by J. M. McKibbin and co-workers (Nu- 
trition Reviews 3, 302 (1945)) was more 
promising in that their dogs survived con- 
tinued intravenous fat administration, but it 
remained for them to demonstrate that such 
administered fat is actually used for caloric 
needs. In subsequent studies, the Harvard 
group (Ibid. 5, 275 (1947); 6, 231 (1948)) 
demonstrated that administration of stabi- 
lized coconut oil emulsions caused a positive 
nitrogen balance in dogs, and further, anal- 
ysis of the carcass fat of such dogs indicated 
that some one half of the fat administered 
was utilized and one-half was stored. 

Such evidence for utilization of the admin- 
istered fat is indirect, however, at least in 
contrast to the recent results of R. P. Geyer, 
J. Chipman, and F. J. Stare (J. Biol. Chem. 
176, 1469 (1948)) from the same Harvard lab- 
oratory. In these studies trilaurin contain- 
ing C™ carboxyl-labeled lauric acid was 
administered intravenously to rats, and the 
respiratory carbon dioxide was collected for 
radioactivity measurements. Surprisingly 
quick and extensive excretion of radioactive 


carbon dioxide not only proves conclusively 
the utilization of the administered fat, but is 
of special biochemical interest in demonstrat- 
ing the ready availability of fats for energy 
purposes. 

In the experiments cited, radioactive lauric 
acid containing carboxyl-C"™ was used to pre- 
pare trilaurin by direct esterification. This 
trilaurin was incorporated into an emulsion 
containing coconut oil, dextrose, water, and 
appropriate stabilizers. Approximately 80 
mg. of the trilaurin were administered intra- 
venously into a nonfasted rat, and the animal 
was immediately placed in a chamber for 
collection of the respiratory carbon dioxide 
in alkali. 

Carbon dioxide collections were made 
for definite time intervals after  injec- 
tion, and specific activity measurements 
were made as well as calculations of the per- 
centage of radioactivity recovered in the re- 
spiratory carbon dioxide. Even in the first 
ten minutes a high specific activity of the 
expired carbon dioxide was found and nearly 
3 per cent of the injected C™ was recovered. 
The highest specific activity of the excreted 
carbon dioxide was found in the fraction col- 
lected between twenty and thirty-five min- 
utes after administration of the radioactive 
fat, and after only two hours some 50 per 
cent of the injected C™ was recovered as 
carbon dioxide. The experiment was con- 
tinued for a total of four and a half hours 
during which time 70 per cent of the injected 
C™ had been recovered as expired carbon 
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dioxide. The investigators state that essen- 
tially similar results were obtained with an 
animal which had been fasted for twenty-four 
hours. 

In similarly designed experiments, S. R. 
Lerner, I. L. Chaikoff, C. Entenman, and 
W. G. Dauben (Science 109, 13 (1949)) 
reached the same conclusion that parenter- 
ally administered fat was readily utilized by 
the rat. The 18-carbon palmitic acid was 
used by these investigators, in contrast to the 
12-carbon laurie acid employed by the Har- 
vard workers. Another chemical difference 
was that the palmitic acid was synthesized 
to contain the C™ in the sixth carbon atom 
while lauric acid was carboxyl-labeled. The 
dose of radioactive tripalmitin was 25 mg. 
in contrast to the 80 mg. of radioactive tri- 
laurin and 120 mg. of coconut oil injected by 
the Harvard group. 

After intravenous injection of tripalmitin 
into 2 rats the respiratory carbon dioxide was 
collected and the data expressed as the per- 
centage of injected radioactivity excreted 
after various periods of carbon dioxide col- 
lection. After two hours, about 7 per cent 
of the injected radioactivity was excreted, 
after six hours about 27 per cent, and after 
twenty-four hours about 50 per cent had 
been recovered. 


The work with tripalmitin also demon- 
strates conclusively that intravenously ad- 
ministered fat is readily utilized. It is of 
biochemical interest to note, however, that 
the rate of oxidation of trilaurin and tripalm- 
itate was considerably different, thus 50 per 
cent of the radioactivity of trilaurin was re- 
covered in only two hours as compared with 
the same recovery in twenty-four hours in 
the case of tripalmitate. 

Certain differences in the two experiments 
have been mentioned, for example the diff- 
erence in the amount of fat administered, and 
these might have influenced the results. A 
fundamental difference however may be in 
the nature of the fatty acid. 

There is reason to believe that the 
lower fatty acids are readily oxidized 
rather than serving for synthesis of the com- 
monly stored higher fatty acids. Hence it 
is possible that a greater portion of the 12- 
carbon lauric acid was oxidized and a smaller 
portion stored than in the case of the 18- 
carbon palmitic acid. The rapid rate of oxi- 
dation of either acid is greater than is 
customarily pictured and substantiates the 
newer view that in normal metabolism fat is 
being continually oxidized and synthesized 
at a rapid rate. 


COMPARATIVE ACTIVITIES OF CAROTENOIDS IN PROMOTING GROWTH AND 
VITAMIN A STORAGE IN RATS 


The customary view that the biologie ac- 
tivity of the carotenoids depends upon their 
conversion to vitamin A in the animal has 
been questioned by T. K. With (Nordisk 
Medicin 24, 2053 (1944)) and by T. K. With 
and O. Wanscher (Ibid. 4, 3425 (1939)). 
These workers indicated that eryptoxanthine 
is approximately twice as active as beta-caro- 
tene in the chick, whereas it has been well 
established in other species that beta-caro- 
tene is more active than cryptoxanthine. 

These findings stimulated a careful study 
by R. M. Johnson and C. A. Baumann (Arch. 


Biochem. 14, 361 (1947)) of the comparative 
activities of various carotenoids in stimulat- 
ing vitamin A storage in rats. Weanling 
rats were fed a diet deficient in vitamin A 
until they failed to gain weight over a seven 
day period (twenty-four to thirty days). 
Equivalent groups of the depleted animals, 
which were emaciated and usually showed 
the characteristic eye lesions of vitamin A 
deficiency, were then given 10 to 80 micro- 
grams daily of various pure carotenoids for 
fifteen days. At this time, animals appeared 
normal. Weight gains were recorded, the 
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animals killed, and colorimetric analyses for 
vitamin A made in the nonsaponifiable por- 
tion of livers and kidneys. 

At low levels of carotenoid intake, more 
vitamin A appeared in the kidney than in the 
liver; at higher levels of carotenoid intake, 
more vitamin appeared in the liver than in 
the kidney. It was argued that if the caro- 
tenoid were devoid of activity per se and 
functions only as a source of vitamin A, then 
the same amount of the vitamin would be 
used up daily regardless of which precursor 
was fed, and comparative biologic activities 
of the various precursors could be calculated 
from the dosages needed to produce stores of 
comparable magnitudes. 

Judged on this basis, the relative effi- 
ciencies of all-trans-beta-carotene, neo-beta- 
carotene B, neo-beta-carotene U, and all- 
trans-alpha-carotene in stimulating vitamin 
A storage were found to be 100:48:33:25. 
H. J. Deuel and co-workers (Arch. Biochem. 
7, 247 (1945)) had reported the relative 
growth-promoting activities of the first three 
of these compounds as 100:53:38, a result 
in excellent agreement with those obtained 
by the vitamin storage study. However, 
alpha-carotene appeared definitely less effi- 
cient in producing stores of vitamin A (about 
one-fourth as effective as beta-carotene) than 
it appears in promoting growth (about one- 
half as effective as beta-carotene), and no 
satisfactory explanation for the difference in 
activity as measured by the two criteria was 
suggested. 

In an extension of the same study (R. M. 
Johnson and C. A. Baumann, Arch. Biochem. 
19, 493 (1948)), cryptoxanthine was com- 
pared with alpha- and beta-carotene. In 
agreement with previous results, alpha-caro- 
tene was found to be only 25 per cent as 
efficient as beta-carotene in producing stores 
of vitamin A. In marked contrast, cryp- 
toxanthine (which, like alpha-carotene, is 
approximately one-half as active as beta- 
carotene in promoting growth of deficient 
animals) was at least as active as beta-caro- 
tene in promoting tissue storage of vitamin 
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A. Thus, alpha-carotene was only half as 
active in promoting storage of vitamin A as 
would be expected on the basis of its growth- 
promoting power, whereas cryptoxanthine 
was twice as active as would be expected on 
this basis. 

It is generally accepted that the levels of 
‘arotenoid pigments which must be fed to 
permit detectabie storage of vitamin A are 
about ten times greater than those which are 
necessary to prevent symptoms of avitamin- 
osis. The possibility that the unequal ab- 
sorption of the three pigments at the 
relatively high levels of intake (20 to 80 mi- 
crograms per day) used in this study might 
explain the results, was therefore studied by 
determining the amount of the pigments ex- 
creted in the feces at various levels of in- 
take. ‘The percentage of the dose excreted 
was found to be characteristic of the caro- 
tenoid pigment fed, and was largely inde- 
pendent of the amount fed over the range 
studied. 

Cryptoxanthine was most readily ab- 
sorbed (average of 36 per cent of the in- 
gested dose was excreted), followed by beta- 
carotene (40 per cent excreted), and 
alpha-carotene (54 per cent excreted). 
These slight differences in absorption were 
inadequate to account for the differences be- 
tween alpha-carotene and cryptoxanthine in 
promoting storage of vitamin A. It must 
thus be concluded that with these substances 
no parallelism exists between the ability to 
promote growth and to promote tissue stor- 
age of vitamin A. The results remain to be 
explained. 

An interesting incidental observation was 
the fact that lutein, a carotenoid pigment 
that is inactive in promoting growth on vit- 
amin A deficient diets, decreased the amount 
of vitamin A stored when it was fed together 
with beta-carotene although it did not inter- 
fere with absorption of the beta-carotene. 
It is possible that this may be an additional 
case of inhibition of a metabolic transforma- 
tion by an inactive structural analogue of 
the normal substrate. 
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If the same type of interference were to 
occur at lower concentration levels, it should 
be possible to prevent the growth-promoting 
action of beta-carotene by simultaneous ad- 
ministration of sufficient lutein. This would 
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appear to be an important point to settle, since 
lutein (and similar carotenoids) is of common 
occurrence in natural foodstuffs, and might 
thus be an important factor in the bioassay of 
total vitamin A activity in such materials. 


EXTRADIETARY FACTORS INFLUENCING TISSUE GROWTH 


Increasing evidence is accumulating to 
show the effects of extradietary factors on 
growth of tissues and upon deposition of 
fat and protein in the body. Though 
diets that are complete in essential require- 
ments are necessary to supply the building 
blocks of new tissues, what tissues are actu- 
ally formed from the available building blocks 
are being found to be greatly influenced by 
activity of the endocrine glands. The iso- 
lation and availability of purified hormones 
has made such studies possible. 

C. H. Li and H. M. Evans (Vitamins and 
Hormones 5, 197 (1947)) have observed that 
one of the characteristic functions of growth 
hormone is to cause retention of nitrogen. 
This is true in normal rats, in diabetic rats, 
or in rats with bilateral femoral fractures. 
These workers also found that purified growth 
hormone causes a decrease in free amino 
acids in the plasma of rats. They felt on 
this basis that it was reasonable to assume 
that the body growth induced by growth 
hormone treatment was at least partly due 
to an acceleration of protein synthesis. 

C. H. Li, M. E. Simpson, and H. M. 
Evans (Endocrinology 44, 71 (1949)) ad- 
ministered purified growth hormone for 
thirty days to hypophysectomized, young 
female rats that were maintained on a fixed 
daily diet. The carcasses of these rats were 
then analyzed for total weight, water, fat, 
and protein content. Compared with hy- 
pophysectomized female rats of the same 
age that were kept on the same diet, the 
animals receiving growth hormone showed 
nearly five times the weight gain. The 


- carcasses of the injected animals contained 


more water and protein, but less fat than 
the uninjected controls. 

Similar changes in body weight, water, fat, 
and protein content were found in male hy- 
pophysectomized rats that were on an unre- 
stricted diet and which received growth 
hormone injections. Since the rapid accu- 
mulation of protein is a distinctive pattern 
occurring in the process of growth, it was felt 
that the gain in body weight induced by 
growth hormone injections represented true 
tissue growth. Though total body lipid 
(which in the rat is 90 per cent triglycerides) 
was reduced, it was suggested that the 
“structural”’ lipids in tissues, i.e., phospho- 
lipids, cholesterol, and cerebrosides, may 
actually be increased. 

The secretory activity of the adrenal 
cortex enhances protein catabolism as has 
been shown by C. N. H. Long (Endocrinol- 
ogy 30, 870 (1942)) and D. J. Ingle (‘The 
Chemistry and Physiology of Hormones,”’ 
p. 83, Science Press, Lancaster, Pa. (1944)). 
More recent studies with purified adrenocor- 
ticotropic hormone have led Li and Evans 
(Vitamins and Hormones, loc. cit.) to con- 
sider this hormone as a specific growth- 
inhibiting substance. Administration of 
purified adrenocorticotropic hormone to 
hypophysectomized rats maintained on fixed 
diets showed no essential difference in body 
weight or body protein content in the ex- 
perimental and in the control groups. 
However, the injected animals showed a 
significant loss of water and increase of fat 
content. 

When purified adrenocorticotropic hor- 
mone is injected simultaneously with 
purified growth hormones into hypophysec- 
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tomized rats a counteraction exists between 
these two hormones (C. H. Li, H. M. 
Evans, and M. E. Simpson, J. Biol. Chem. 
149, 413 (1943)). 

The above studies do not indicate in 
which tissues these effects of growth and 
adrenocorticotropic hormones — occurred. 
B. L. Baker and D. J. Ingle (Endocrinology 
43, 422 (1948)) have reported their studies 
on the effect of adrenocorticotropic hormone 
on bone growth in adult male rats. 

Animals treated with adrenocorticotropic 
hormone injections as compared with control 
animals showed: (1) narrowing of the epiphy- 
seal cartilage with decreased cell proliferation 
and degenerative changes; (2) profound and 
general atrophy of the osteoblasts in the 
zone of bone formation with impaired os- 
teogenesis; (3) atrophy occurred in the 
normally red marrow resembling the ‘“‘serous 
atrophy” which has been observed under 
various experimental conditions such as 
underfeeding; (4) no definite evidence of 
increased osteoclastic activity was noted; 
(5) the disturbances produced by adreno- 
corticotropic hormone were all in the protein 
osteoid matrix of the bone and cartilage, 
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and calcium and phosphorus metabolism of 
the bone was not primarily affected; and 
(6) dietary changes did not affect the struc- 
tural changes in bone which followed the 
adrenocorticotropic hormone injections. 

These end effects on bone and cartilage 
growth inhibition were thought to be 
elicited through the stimulated release by 
the adrenal cortex of ‘“1l-oxysteroids.”’ 
These observed effects on bone growth con- 
firm the concept of F. Albright (‘Recent 
Progress in Hormone Research,” Vol. J, p. 
293, Academic Press Inc., New York (1947)) 
which pictures the osteoporosis of Cushing’s 
syndrome as the result of an excessive 
production of some adrenal ‘1 1-oxysteroids”’ 
(gluconeogenic). 

Though the role of specific hormonal 
effects on tissue and body growth are being 
clarified, it is important to remember that 
the animal organism obeys the Law of Con- 
servation of Energy. Though one type of 
tissue rather than the other may be formed 
through the influence of hormonal activity, 
the building blocks must be supplied in the 
diet. 


GROWTH-PROMOTING ACTION OF VITAMIN B, IN RATIONS CONTAINING 
IODINATED PROTEIN 


Since the report of the isolation of crystal- 
line vitamin By and its high activity in the 
control of pernicious anemia (E. L. Rickes 
et al., Science 107, 396 (1948)), many workers 
have sought to determine its relation to un- 
identified crude fractions required for growth 
of animals on purified diets. Evidence in- 
dicating its growth-promoting activity in 
chicks and rats deficient in the animal pro- 
tein factor has been previously discussed in 
this journal (Nutrition Reviews 7, 136 
(1949)). 

The reports of B. H. Ershoff (Proc. Soc. 
Exp. Biol. Med. 64, 500 (1947)) that feeding 
of liver counteracts thyrotoxicity in rats 
and that its action in this respect was not 


produced by any of the known nutrients 
was confirmed and extended by J. J. Betheil, 
V. D. Wiebelhaus, and H. A. 
Nutrition 34, 431 (1947)). Subsequently, 
A. R. Robblee et al. (Proc. Soc. Exp. 
Biol. Med. 67, 400 (1948)) found that addi- 
tion of iodinated casein to a purified chick 
basal ration extended and improved the 
effective assay range for an unidentified 
growth factor which could be supplied by 
various fractions of fish solubles (A. R. 
Robblee et al., J. Biol. Chem. 173, 117 
(1948)) or by injectable liver extracts (C. A. 
Nichol, A. R. Robblee, W. W. Cravens, and 
C. A. Elvehjem, /bid. 170, 419 (1947)). 

C. A. Nichol, L. 8. Dietrich, W. W. 
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Cravens, and C. A. Elvehjem (Proc. Soc. 
Exp. Biol. Med. 70, 40 (1949)) now report 
that the growth effects of these crude prep- 
arations are duplicated by small amounts of 
crystalline vitamin By. The basal ration 
was made up principally of plant materials 
(corn, soybeans, wheat products) supple- 
mented with known vitamins and necessary 
minerals, but also contained 7.5 per cent of 
“vitamin test”? casein and 0.05 per cent of 
iodinated casein with a thyroxine content 
of 3.07 per cent. A two week depletion 
period on this ration was used followed by a 
two week period of supplementation. Con- 
trol animals (deficient) gained an average of 
105 g. during this period; animals receiving 
a supplement of either 3 per cent of fish 
solubles in the ration or 0.5 U.S.P. units of 
reticulogen per day by injection gained an 
average of 190 g. over the same period. 

When mixed with the ration, 0.75 micro- 
gram of vitamin By per 100 g. of ration 
gave suboptimal rates of gain (152 g.), but 
1.5 micrograms of the vitamin gave the 
maximal rate of 193 g. By injection, 


roughly 0.5 microgram of vitamin By», was 
required per day to yield a rate of growth 
near the maximum (184 g.). Thus the 
effects of either fish solubles or of injectable 
liver extracts are completely duplicated by 
minute amounts of pure vitamin By» on 
this ration. The injectable liver extract 
would appear by this procedure to contain 
roughly 1 microgram of vitamin By per 
U.S.P. unit, a result which is within the 
range previously reported by microbiologic 
assay with Lactobacillus lactis Dorner 
(Riekes et al., loc. cit.) 

If the deleterious effects of thyrotoxicity 
can be completely alleviated over long 
periods of time by administration of this 
vitamin, it is obvious that this material 
may have important clinical application 
over and above that previously indicated 
by its effectiveness in pernicious anemia. 
The present studies do not establish its 
effectiveness over prolonged periods. The 
promising results obtained, however, will 
undoubtedly lead to such further investiga- 
tion. 


VITAMIN B, DEFICIENCY IN THE MONKEY 


Despite the multiple catalytic roles played 
by vitamin Bs in living organisms (see 
Nutrition Reviews 4, 163 (1946); 5, 98 
(1947)), naturally occurring deficiencies of 
this group of vitamins have not been ob- 
served. Partially for this reason, deficiency 
states induced by its absence from the diet 
are less frequently described, and have not 
been observed with such a wide variety of 
animals as have deficiencies of some of the 
other vitamins. No certain deficiency of 
this vitamin in human beings has been 
produced thus far. For these reasons, a 
description of vitamin Be deficiency, which 
has now been induced in the monkey by two 
group of investigators, is of interest. 

K. B. McCall, H. A. Waisman, C. A. 
Elvehjem, and E. 8. Jones (J. Nutrition 31, 
685 (1946)) fed immature rhesus monkeys a 


diet based on purified casein, sucrose, 
mineral salts, and corn oil with thirteen 
added vitamins. Pyridoxine was omitted. 
The 4 monkeys placed on this ration failed 
to grow normally, but maintained their 
weight for about nine months, when a 
marked loss in weight was observed. Dur- 
ing this depletion period, a hypochromic 
microcytic anemia developed and nucleated 
cells appeared in the blood. Hemoglobin 
values dropped to as low as 8 g. per 100 ml. 
of blood. Such animals showed general 
weakness, hyperirritability, poor appetite, 
and were markedly inactive. Thinning of 
the fur with some graying occurred. 

The total white cell count of the blood de- 
creased, and a differential count showed an 
increase in neutrophiles to as high as 55 to 60 
per cent of the total leucocytes, with a corre- 
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sponding decrease in the proportion of 
lymphocytes. Upon administration of 1 mg. 
of pyridoxine per day the animals began to 
gain weight at a normal rate, the hemoglobin 
values increased, nucleated red blood cells 
disappeared from the blood, and the neutro- 
phile-lymphocyte ratio tended to return to 
normal. Continued feeding of this semi- 
synthetic ration eventually resulted, how- 
ever, in deficiency symptoms which required 
feeding of liver for their alleviation, thus 
confirming the need of additional unidenti- 
fied nutrients for this animal over and above 
those furnished by the ration. 

L. D. Greenberg, and J. F. Rinehart 
(Proc. Soc. Exp. Biol. Med. 70, 20 (1949)) 
have now fed to immature rhesus monkeys a 
modification of the same diet used by the 
Wisconsin workers, which contained added 
biotin and supplementary tocopherols. 
Within two to four weeks after withholding 
pyridoxine, the monkeys ate less food and 
began to loose weight slowly and progres- 
sively. During the first six to nine months 
there occurred loss in weight and some loss in 
vigor, but few changes in outward ap- 
pearance were noted. After this period 
the animals became sluggish, unkempt, 
hyperirritable, developed edema around the 
eyes, and showed many of the other symp- 
toms noted earlier by McCall et al. (loc. cit.). 

During the entire course of the experiment, 
blood samples were taken, hydrolyzed, and 
assayed for vitamin Bs with Saccharomyces 
carlsbergensis by the method of L. Atkin, 
A. S. Schultz, W. L. Williams, and C. N. 
Frey (Ind. Eng. Chem. (Anal. Ed.) 15, 141 
(1943)). Although the authors refer to the 
values found as pyridoxine throughout their 
paper, it will be recalled that this organism 
responds also to pyridoxal and pyridoxamine 
(Nutrition Reviews 5, 98 (1947)), and that 
the latter two compounds are the predomi- 
nant forms of vitamin Bs in animal tissues 
(J. C. Rabinowitz and E. E. Snell, J. Biol. 
Chem. 176, 1157 (1948)). Thus, the values 
recorded represent total vitamin Bs, ex- 
pressed in terms of pyridoxine. 
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When the animals were first brought to 
the laboratory, blood levels of vitamin Be 
were usually below 5 micrograms per 100 
ml. After two to three weeks on the con- 
trol diet (synthetic diet plus 3.5 mg. of 
pyridoxine twice weekly) the levels increased 
to values ranging from 5 to 25 micrograms 
per 100 ml., with an average of about 11 
micrograms per 100 ml. This is similar to 
the level of vitamin found in sheep blood 
(S. N. Ray, W. C. Weir, A. L. Pope, and 
P. H. Phillips, J. Nutrition 34, 595 (1947)) 
but is lower than the value (42 micrograms 
per 100 ml.) reported for mouse blood by 
M. G. Ritchey, L. F. Wicks, and E. L. 
Tatum (J. Biol. Chem. 171, 41 (1947)). 
Vitamin Bs was found both in the plasma 
and in the formed elements of the blood in 
both normal and deficient animals. 

Within one or two weeks following with- 
drawal of the vitamin from the diet, blood 
levels fell below 5 micrograms per 100 ml., 
and within three to four weeks had fallen 
to from 2 to 3 micrograms per 100 ml. As 
the deficiency progressed, the values re- 
mained in this range, although in long- 
standing deficiencies values as low as 1 
microgram per 100 ml. of blood were fre- 
quently observed. Thus, the fall in blood 
vitamin Bs was much more precipitous than 
the fall in weight, and began before any 
weight losses were noted. Weight con- 
tinued to decline long after the blood values 
had reached essentially constant levels. 

Following administration of pyridoxine (1 
mg. per day) to the vitamin B, deficient 
animals, phenomenal weight gains (almost 
1 kg. per week) were recorded. Abnor- 
malities in the blood picture, including the 
level of vitamin Be, also were rapidly cor- 
rected. 

Although details are not given, these 
authors report that the monkey, like other 
animals so far studied, shows deranged 
metabolism of tryptophan during vitamin Be 
deficiency, which results in the excretion of 
increased quantities of xanthurenic acid. 

These studies of an animal phylogenet- 
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ically related to man are of interest since 
they indicate the probable course vitamin Bs 
deficiency would take in human beings. No 
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experiments in the latter species of sufficient 
duration to establish such a deficiency have 
thus far been reported. 


IMPROVEMENT OF NUTRIENT VALUE OF FOOD BY PLANT BREEDING, 
GUIDED BY CHEMICAL CONTROL 


Tomatoes. The work reported in 1943 
from Purdue University telling of certain 
tomato hybrids having very high contents of 
beta-carotene has been continued, and re- 
sults of further greatly expanded work have 
been presented by G. W. Kohler and co- 
workers (Bot. Gaz. 109, 219 (1948)). This 
work was directed toward genetic stabiliza- 
tion of the desirable hybrid material and 
development of corresponding commercial- 
type varieties. 

A single plant selection with high beta- 
carotene content was used as the parent. It 
contained thirteen times as much _ beta- 
carotene as the average commercial variety 
but its fruit is small and of poor quality and 
low yield. To combine high carotene con- 
tent with large size and yield of commercial 
types, crosses were made with the com- 
mercial parents, Baltimore and Rutgers. 
Results with Rutgers were particularly 
encouraging in that a twelvefold increase of 
beta-carotene content was achieved in fruit 
size equal to many selections of Rutgers. 
In the case of Baltimore, sizes of fruit were 
not quite equal to that of the recurrent 
commercial parent. 

Interesting color relations have become 
apparent from these studies. Total caro- 
tenes, including beta-carotene and lycopene, 
were not increased over the commercial 
parents. Increase of beta-carotene occurred 
at the expense of lycopene, the carotenoid 
responsible for the red color of most varieties. 
Thus the improved types have a deep 
orange color. This should not be confused 
with the orange color of orange-yellow 
varieties now on the market, such as Tan- 
gerine and Jubilee. These varieties contain 
orange or yellow isomers of lycopene which 


exhibit no vitamin A activity and hence do 
not have greater nutritional value than 
standard red-fruited varieties. 

When the beta-carotene content of the 
total carotene pigments exceeds 35 per cent 
an orange fruit color results. Red selections 
have been obtained to date which contain 30 
parts per million of beta-carotene on the 
fresh basis. This is five to seven times the 
content of commercial varieties. Efforts 
are directed to obtain strains having highest 
beta-carotene content compatible with red 
color. If the public would accept an orange 
color in tomatoes, a much greater intake of 
beta-carotene could result from the wide use 
of these improved strains. Such tomato 
strains are approximately equal to carrots 
in this respect and excel most other food 
plants on either the fresh or dry basis. 

Corn. In certain areas of the South where 
corn plays a prominent part in the diet of the 
people, pellagra is an important deficiency 
disease. It results in part from the rela- 
tively low niacin content of corn grain. F. D. 
Richey and R. F. Dawson (Plant Physiol. 
23, 238 (1948)) made a survey of the possi- 
bility of breeding corn with higher niacin 
content to help relieve this nutritional diffi- 
culty. They found that varieties of white 
dent corn differ in niacin contents, varying 
from 15 to 30 p.p.m., with the southern 
varieties having higher contents in general 
than the northern varieties. 

Niacin content was not influenced by 
considerable differences in fertilizer applica- 
tions, green manures, and other produc- 
tion practices at practical levels of yield. 
Geographic differences were negligible. 
Twenty-four well established inbreds showed 
a wide variation, ranging from 14 to 53 
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p.p.m. Single-cross and double-cross hy- 
brids were intermediate between the parents, 
with the seed parent more influential than 
the pollen parent. Two modes of inheri- 
tance for niacin content are indicated. 
Three generations of selection in selfed lines 
of the Huffman variety (22 p.p.m.) estab- 
lished four high and four low families rela- 
tive to niacin content. Averages of 41 
p.p.m. of niacin were obtained by selection 
in selfed lines. Probably corn hybrids could 
be developed with 50 p.p.m. of niacin. Of 
course other desirable commercial charac- 
teristics must of necessity be combined with 
the ability to produce niacin for practical 
application. This would appear to bea worth 
while project, capable of long-term benefits. 

Potatoes. W.C. Kelly and G. F. Somers 
(Plant Physiol. 23, 338 (1948)) investigated 


CONVERSION OF TRYPTOPHAN TO 


Since the initial observations that tryp- 
tophan could replace niacin in the diet of 
experimental animals, and that this replace- 
ment was the result of conversion of trypto- 
phan to niacin (Nutrition Reviews 6, 50, 77, 
233, 252 (1948)) the question has been 
debated as to whether the conversion was 
catalyzed by tissues of the animal or by the 
microorganisms of the tract. Most recent 
experiments favor the former hypothesis. 
The most telling argument in favor of the 
former hypothesis has been the prompt 
excretion of niacin derivatives in the urine 
following parenteral administration of tryp- 
tophan (see B. 8. Schweigert, P. B. Pearson, 
and M. C. Wilkening, Arch. Biochem. 12, 
139 (1947)). 

The observation that injection of free 
tryptophan into the incubated egg results in 
increased niacin in the chick embryo (B. 8. 
Schweigert, H. L. German, and M. J. Garber, 
J. Biol. Chem. 174, 383 (1948)) is also sug- 
gestive, though hardly conclusive, since no 
control experiments with amino acids other 
than tryptophan were reported. 
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the influence of rootstock and scion on the 
ascorbic acid content of potato tubers. 
This food is an important source of ascorbic 
acid, especially when eaten liberally. They 
made reciprocal grafts between potato 
varieties having different ascorbic acid con- 
tents in leaves and tubers, as well as grafting 
tomato scions on potato rootstocks. They 
found that the ascorbic acid content of 
tubers was unaffected by the nature of the 
scion, whether the leaflets were high or low 
in ascorbic acid content, or whether the 
yield of tops was high or low. Thus the 
genetic constitution of the underground 
portion of potato plants governs the ascorbic 
acid content of the tubers, and in breeding 
potatoes for high contents of this vitamin, 
no regard need be taken for the content of 
the aerial] portion of the plants. 


NIACIN BY ENTERECTOMIZED RATS 


An interesting approach to this problem 
is reported by L. M. Henderson and L. Y. 
Hankes (Proc. Soc. Exp. Biol. Med. 70, 26 
(1949)). Male rats weighing 235 to 360 g. 
were fed a stock ration for several weeks, 
fasted for twenty-four hours, then the 
entire gastrointestinal tract from the duo- 
denum to the anus was removed by surgery. 
Mock surgery was carried out on one set of 
control animals. When fed by subcu- 
taneous alimentation, such animals lived for 
one to four days. Secretory accumulations 
were removed from the stomach of these 
animals at four hour intervals with a cathe- 
ter tube and syringe. 

One to three hours after surgery, animals 
were placed in individual metabolism cages. 
Control intact and control enterectomized 
animals received 5 ml. of sterile modified 
Amigen (a 5 per cent enzymatic digest of 
casein and 5 per cent glucose) supplemented 
with 0.3 per cent sucrose and 0.3 per cent 
sodium chloride by injection beneath the 
skin of the back and neck. Additional 
enterectomized and intact groups received 
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the same preparation supplemented with 
10 mg. of L-tryptophan per milliliter. This 
subcutaneous alimentation was repeated at 
four hour intervals during the entire urine 
collection period of twenty-four hours (six 
injections, totaling 30 ml. per rat). Autopsy 
following the experiment showed that com- 
plete absorption of the injected solution had 
occurred. 

The urine samples were analyzed fluoro- 
metrically for N’-methylnicotinamide and 
microbiologically for “free” niacin (before 
acid hydrolysis) and total niacin (after acid 
hydrolysis). Excretion of N’-methylnico- 
tinamide, “free”? niacin, and total niacin 
was increased greatly (ten to twenty times 
over the controls) by tryptophan supplemen- 
tation both in the intact and in the enterec- 
tomized animals. Thus, elimination of the 
great majority of the intestinal flora by 
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enterectomy does not prevent conversion 
of tryptophan to niacin in the rat. 

It must be concluded, therefore, that this 
conversion can be carried out by the tissues 
themselves. At the same time, the data 
show that the intact animals excreted al- 
most 100 per cent more niacin than did the 
enterectomized rats. This lowered excre- 
tion of niacin by surgically treated animals 
may be the result of surgical injury, or it 
may indicate that intestinal microorganisms 
or the intestinal tissues themselves contrib- 
ute to the transformation. In either case 
it does not invalidate the conclusion that 
the tissues of the animals, and not the in- 
testinal flora, are the primary site of the 
formation of niacin and its derivatives 
following ingestion of large doses of trypto- 
phan. 


NEUROLOGIC MANIFESTATIONS ASSOCIATED WITH VITAMIN A DEFICIENCY 
IN YOUNG DUCKS 


Several investigators have described de- 
generative changes in the nervous systems 
of animals fed vitamin A deficient diets. 
There is, however, a considerable difference 
of opinion regarding the etiology and patho- 
genesis of these lesions. 

E. Mellanby (Brain 54, 247 (1931)) work- 
ing with dogs, rats, and rabbits, observed 
motor weakness, incoordination, and spas- 
ticity when these animals were given vitamin 
A deficient diets, and described degeneration 
of the myelinated fiber tracts of the spinal 
cord and of the peripheral nerves. He 
regarded these changes as specific for avita- 
minosis A. Similar observations were made 
in rats by H. M. Zimmerman (J. Exp. Med. 
57, 215 (1933)). Zimmerman stressed the 
degenerative lesions in the peripheral nerves 
and considered the changes in the spinal 
cord to be secondary to the lesions in the 
peripheral nerves. 

S. B. Wolbachand O. A. Bessey (Arch. Path. 
32, 689 (1941); Physiol. Rev. 22, 233 (1942)) 
observed that when very young rats were made 


deficient in vitamin A, degenerative lesions de- 
veloped in the nervous system, whereas this 
did not occur when older animals were used. 
This observation probably explains the nega- 
tive findings of investigators such as M. M. 
Suzman,G.L. Muller, and C. C. Ungley (Am. 
J. Physiol. 101, 529 (1932)) and R. R. Grinker 
and E. Kandel (Arch. Neurol. Psychiat. 30, 
1287 (1983)). Wolbach and Bessey ex- 
pressed the opinion that when vitamin A 
deficiency was established at an early age, a 
retardation of skeletal growth occurred, 
whereas the nervous system continued at its 
normal rate of development. This pro- 
duced, in their opinion, a distortion of the 
nervous system in the vertebral canal and 
cranial cavity with consequent lesions in the 
nervous system. They concluded that vita- 
min A deficiency per se has no significant 
effect on the nervous system. 

Significant new observations are reported 
by D. E. Fletcher and R. H. Rigdon (Arch. 
Neurol. Psychiat. 61, 199 (1949)). These 
workers placed one-day old, white, Pekin 
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ducks on a vitamin A deficient ration. At 
the same time, studies were made on two 
groups of control birds. One group was 
fed,the vitamin A deficient diet supple- 
mented with vitamin A, while the second 
group was fed stock rations of presumably 
adequate character. Vitamin A determina- 
tions were made on the livers of ducks killed 
at various ages, and pathologic studies were 
made on a total of 35 birds. 

Generalized muscular weakness was the 
first symptom which appeared in the ducks 
fed the deficient ration. This was noted 
on the seventh or eighth day and was more 
evident in the muscles of the neck as shown 
by inability of the birds to stabilize their 
head movements. These symptoms in- 
creased progressively in severity until in- 
coordination and ataxia were definitely 
established on the tenth to fifteenth day. 
At this time the ducks stood in a semi- 
squatting position with their feet spread 
widely apart. They rocked backward and 
forward and their heads moved continuously 
in a haphazard and purposeless, quasi- 
circular manner. When forced to walk, 
they fell forward, backward, or sidewise. 
Moribund birds lay motionless on their 
sides. When supported on their feet, they 
showed muscular rigidity and spasticity. 

Pathologic study revealed no apparent 
discrepancy between the volume of the brain 
and the size of the cranial cavity. Numer- 
ous tumor-like masses, however, protruded 
from the surface of the spinal cord. These 
were more numerous along the cervical and 
lumbar enlargements and along the dorsal 
and lateral surfaces of the cord. The spinal 
cord in certain places appeared several 
times its normal size. The spinal ganglions 
were located partly within and partly 
external to the intervertebral foramens. 
Gross hemorrhages occurred within the 
spinal cord. These were confined to the 
medullary substance and were more nu- 
merous in the upper cervical segments and 
in the spinal medulla. 


NUTRITION 


REVIEWS 189 

Microscopic examinations through the 
swellings in the spinal cord revealed that in 
certain cases the normal relation between 
the gray and white matter was not signifi- 
cantly disturbed. In other places there 
was simple mechanical buckling of the 
entire cord which produced a bulge on one 
surface and a depression on the opposite 
surface. Other nodules consisted primarily 
of either gray substance or white matter. 
This suggested a slipping or a telescoping 
of the gray and white columns over each 
other. Occasionally the distortion was so 
pronounced that a cross section of the gray 
column occurred in a longitudinal section 
of the cord. 

Hyaline cartilage and bone formation were 
observed in many of these nodular swellings. 
Osteoblasts and osteoclasts were seen in most 
of these areas and occasionally bone marrow 
cells were present. In many places a transi- 
tion into cartilage and bone from what was 
thought to be connective tissue was seen. 
Marked destruction of the gray substance 
with acute necrosis was noted frequently in 
regions of hemorrhage. Practically every 
section of the spinal cord and medulla 
showed degeneration of the myelinated fiber 
tracts. The spinal ganglions and peripheral 
nerves showed degeneration of both nerve 
cells and fibers but these changes were only 
minor as compared with the extensive dam- 
age present in the spinal cord. 

These observations on the duck, then, 
tend to support the observations and inter- 
pretations of Wolbach and Bessey (loc. 
cit.). According to the interpretation of 
the latter, one might expect a more pro- 
nounced change in the duck than in other 
animals in view of the fact that this bird 
is perhaps one of the most rapidly growing 
of all laboratory animals. Fletcher and 
Rigdon point out, however, that certain 
features of their experimental findings can- 
not be explained satisfactorily on a purely 
mechanical basis. They call attention to 
the constant location of the tumor-like 
masses along the dorsal and lateral surfaces 











































of the cord and their concentration in the 
cervical and lumbar enlargements. This 
is difficult to understand on a mechanical 
basis. They ask, Why should the cord 
buckle dorsolaterally much oftener then 
ventrolaterally? Why should the upper 
cervical and thoracic regions of the cord 
be comparatively exempt from distortion? 
Possibly this is the result of different rates 
of growth within the various regions of the 
spinal cord. 

Another feature difficult to explain on 
a purely mechanical basis is the recurrent 
sliding of the gray and white columns over 
each other, unless this was due to a differ- 
ential growth factor. The more frequent 
occurrence of massive hemorrhage and 
necrosis in the spinal medulla and the upper 
cervical portion of the spinal cord where 
the distortion was comparatively mild was 
a third interesting feature of their study. 

If the hemorrhage and necrosis in their 
animals were the result of occlusion of the 
blood supply produced by bending and twist- 
ing of the cord, why would not these lesions 
occur oftener in the regions of the cord 
where bending and twisting occurred more 
frequently? Again, a matter for considera- 
tion is the absence of any significant change 
in the cerebrum of the ducks. Finally, 
they point out, the formation of cartilage 
and bone within the medullary substance 
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of the neural tube does not lend itself to 
a mechanical explanation. True cartilage 
and bone and not merely a deposition of 
calcium salts in scar tissue were found. 

Careful examination of the brains and 
spinal cords from a large series of both 
normal and pathologic ducks killed in their 
laboratory during the course of experimental 
studies on malaria, anoxia, and hypo- 
glycemia have failed to show any evidence of 
cartilage or bone formation. 

Fletcher and Rigdon point out that their 
observations suggest that vitamin A defi- 
ciency per se may produce a disturbance 
in the metabolism of the nervous system of 
ducks. This may represent a metaplasia 
of connective tissue into cartilage and bone 
similar to the process of epithelial meta- 
plasia described in vitamin A deficiency. 
Nevertheless, if this is the case, it is asked 
why the process should be confined to the 
central nervous system. 

One must concur with these investigators 
in the view that the effect of vitamin A 
deficiency on the nervous system is not en- 
tirely clear. While the mechanical factor 
postulated by Wolbach and Bessey un- 
doubtedly plays a prominent part in the 
pathogenesis of the lesions, there seem to 
be other important factors which cannot 
be disregarded. 
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NOTES 


Carotene Losses During Drying of Leaves 


Rates of carotene loss in green leaves 
are of importance to those interested in pre- 
serving the nutritive values of human foods, 
as in fresh, dried, and frozen leafy vege- 
tables, as well as to feeders of poultry and 
livestock who deal with fresh and dehy- 
drated forage crops. A contribution to this 
field by L. Bernstein and J. F. Thompson 
(Bot. Gaz. 109, 204 (1948)) deals with rates 
of enzymic and photochemical destruction 
of carotene in excised bean leaves under 
carefully controlled conditions. 

In partially dried leaves, carotene is 
destroyed by both enzymic and _photo- 
chemical processes until 50 per cent re- 
mains, after which the rate of enzymic loss 
decreases. In autoclaved leaves, photo- 
destruction continues until 80 per cent of 
the carotene is decomposed. In prefrozen 
leaves, incubated at 37°C. in the dark, 45 
per cent of the carotene is lost enzymatically 
within two hours, leaving the remainder as 
a more stable fraction. 

As cells are injured or die during the 
drying process, carotene destruction begins. 
Leaves were held at given moisture contents 
during enzymic studies and greatest losses 
were found when 80 to 95 per cent of the 
water content had been lost, whereas in 
completely dehydrated leaves, no enzymic 
losses occurred. Photodestruction rates in- 
crease with decreasing moisture content 
until 70 to 80 per cent of the water is gone 
then decrease to a low rate when complete 
dehydration is reached. Enzymic destruc- 
tion is maximum at 37°C., with a tempera- 
ture coefficient of 1.6 between 4° and 25°C. 

Atmospheric oxygen is necessary for 
enzymic oxidation of carotenoids. No de- 
struction occurs at 0.02 per cent oxygen. 
The rate of photodestruction is proportional 
to the logarithm of oxygen concentration 
from 0.5 to 20 per cent oxygen. Below 
0.5 per cent, photodestruction proceeds un- 


affected by oxygen. Up to 300 foot-candles, 
photodestruction is roughly proportional 
to the irradiancy, and proceeds equally in 
orange, yellow-green, or blue filtered light. 

Many of these experiments would yield 
valuable data if applied also to such food 
plants as spinach and turnip greens in re- 
lation to losses after cooking or thawing 
from the frozen condition. Their possible 
application to hay crops, such as alfalfa, are 
obvious. Better understanding of the mech- 
anism of these losses may some day point 
the way to effective practical means of their 
prevention. 


Lithium Chloride Toxicity 


In view of the increasing emphasis on 
restriction of sodium intake in the manage- 
ment of cardiac decompensation and hyper- 
tension, a harmless substitute for salt in the 
seasoning of food has been widely sought and 
is much to be desired. A 25 per cent solu- 
tion of lithium chloride has been made avail- 
able commercially and has been widely used. 
Recent reports (A. C. Corcoran, R. D. 
Taylor, and I. H. Page, J. Am. Med. Assn. 
139, 685 (1949); L. W. Hanlon, M. Romaine, 
F. J. Gilroy, and J. E. Deitrick, Jbid. 139, 
688 (1949); R. L. Stern, Ibid. 139, 710 
(1949); A. M. Waldron, Jbid. 139, 733 
(1949)) indicate that this substance has 
definite toxicity. Three of the 15 cases 
reported terminated fatally. The use of 
lithium was thought to be responsible for 
these deaths. 

Patients on a low sodium diet seemed to 
be much more susceptible to the lithium yet 
many patients tolerated it with no difficulty. 
Since some of the symptoms of toxicity 
resemble the symptoms of the disease for 
which it is being used, toxicity may be diffi- 
cult to detect. 

These and other reports have led the Food 
and Drug Administration to issue a warning 
that the use of this substance should be 
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stopped, and all the commercial preparations 
have been ordered withdrawn from the 
market. 

G. Masson (J. Am. Med. Assn. 139, 688 
(1949)) has published preliminary experi- 
ments in rats which seem to confirm the 
clinical impressions that sodium chloride 
will prevent the toxic action of lithium. 


Symposium on Nutritional Status 


Volume 2, No. 2 of the British Journal of 
Nutrition for 1948 carries a series of articles 
dealing with the results of new investigations 
of nutritional status in Great Britain that 
will be of interest to many of the readers of 
Nutrition Reviews. There are papers deal- 
ing with laboratory investigations into the 
state of nutrition, anthropometric and per- 
formance tests, and clinical surveys with an 
attempt at correlation of data obtained from 
these various types of studies. 

The British Journal of Nutrition is the 
official publication of The Nutrition So- 
ciety. Subscriptions are 3 pounds per 
volume and may be purchased in this 
country from the University of Chicago 
Press, 5750 Ellis Avenue, Chicago, Illinois. 


Rice and Rice Diets 


The Nutrition Division of the Food and 
Agriculture Organization of the United 
Nations, Washington, D. C. has prepared 
an interesting survey dealing with rice and 
rice diets. The publication is known as 
FAO Nutritional Studies No.1. Itdeals with 
the following general subjects: (1) Historical 
Background. (2) Nutrition ofthe Rice Eater. 
(3) Nutrient Content of Rice. (4) Effect 
of Processing and Household Preparation on 
Nutritive Value. (5) Improvement in the 
Nutritive Value of Rice as Consumed. 
(6) Rice Diets. 


Vitamin A Requirement of Human Adults 


Copies of the Medical Research Council 
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Special Report Series No. 264 entitled 
“Vitamin A Requirement of Human Adults 
—An Experimental Study of Vitamin A 
Deprivation in Man” are now available 
from His Majesty’s Stationery Office, Lon- 
don. The price is 3s. Od. NET. This is 
a report of the Vitamin A Sub-committee 
of the Accessory Food Factors Committee 
and is compiled by E. M. Hume and H. A. 
Krebs. 


Biochemical Preparations 


John Wiley & Sons have announced a new 
series of annual volumes on the preparation 
of biochemical compounds to be known as 
the ‘‘Biochemical Preparations Series.” 
Volume I, edited by Herbert E. Carter of 
the Department of Chemistry, University of 
Illinois, was published on February 15, 1949. 

The series will be similar in organization 
to the “Organic Syntheses Series” and will 
perform the same function for biochemists as 
“Organic Syntheses” performs for organic 
chemists. 

Copies may be obtained from George H. 
Lovitt, John Wiley & Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y. 


Recent Nutrition Books 


Biochemical Preparations, Vol. I. Edited 
by Herbert E. Carter, Eric Ball, Carl 
Niemann, Robert R. Sealock, and Esmond 
E. Snell. John Wiley & Sons, Inc., New 
York,N.Y. 1949. Pp76.Price: $2.50. 

Nutrition and Physical Fitness. Ed. 5. 
L. Jean Bogert. W. B. Saunders Co., 
Philadelphia. 1949. Pp. 610. 

Nutrition and Diet in Health and Disease. 
Ed. 5. James 8S. MecLester. W. B. 
Saunders Co., Philadelphia. 1949. Pp. 
800. 

Trace Elements in Food. G. W. Monier- 
Williams. John Wiley & Sons, Inc., New 
York, N. Y. 1949. Price: $6.00. 
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